NS

EFFECT OF ENTOMOPATHOGENIC FUNGI ON SUCKING PESTS
AND LEAF FEEDERS OF VEGETABLES UNDER IN VITRO
CONDITIONS

JINCY SIMON

Thesis submitted in partial fulfillment of the
requirement for the degree of

Master of Science in Agriculture

Faculty of Agriculture
Kerala Agricultural University, Thrissur

2002

Department of Agricultural Entomology
COLLEGE OF AGRICULTURE
VELLAYANI, THIRUVANANTHAPURAM-695 522



' DECLARATION

[ hereby declare that this thesis entitled “Effect of
entomopathogenic fungi on sucking pests and leaf feeders of
vegetables under in vitro conditions” is ;1 bonafide record of research
work done by me during the course of research and that the thesis has not
previously formed the basis for the award to me of any degree, diploma,
associateship, fellowship or other similar title, of any other university or

society.

' Vellayani, %
15 -11 ~2002 JINCY SIMON



CERTIFICATE

Certified that this thesis entitled “Effect of entomopathogenic
fungi on sucking pests and leaf feeders of vegetables under in vitro
conditions” is a record of research work done independently by
Ms. Jincy Simon under my guidance and supervision and that it has not
previously formed the basis for the award of any degree, fellowship or

associateship to her.

V : L
{Se}llaly-?lrz)l(’)fz 5 hsammoc Mathas

Dr. Susamma Mathai

(Chairman, Advisory Committee)
Professor

Department of Agricultural Entomology
College of Agriculture, Vellayani
Thiruvananthapuram.



Vi

ACKNOWLEGMENT

“Trust in the Lord with all your heart and lean not on your own understanding;
In all your ways acknowledge 3{im, and He will make your paths straight.”
Holy Bible (Proverbs 3: 5 — 6)

I wish to express my heartfelt gratitude and indebtedness to Dr. Susamma Mathai,
@rofessor, Department of Agricultural Entomology and Chairperson of my Advisory
Committee for her valuable guidance, constant encouragement and everwilling help
throughout the course of investigation. I pleasantly recall the moral support and affection
shown to me by her during the entire period of study,

I extend my feartfelt gratitude to ©r. C. K, Peethambaran, Professor and Head,
Department of Plant Pathology and member of my Advisory Committee for kis valuable
suggestions, constant inspiration and everwilling help rendered throughout the course of
study. Unfaifing and genuine interest shown by him, much beyond his formal obligation for
the successful completion of this work, especially, the preparation of tfesis is gratefully
ackpowledged.

I express my sincere thanks to Or. K, Saradamma, Professor and Head, Department
of Agricultural Entomology for fer valuable help rendered throughout the period of
investigation.

Sincere thanks are due to Or. T Jifi, Assistant Professor (SS) Department of
Agricultural Entomology and member of my Advisory Committee for her constructive
suggestions, timely help, encouragement and friendly approach during the research work and
in the preparation of this thesis.

I thankfully acknowledge Dr. C. GoRulapalan, Associate Professor, Department of
®Plant Pathology for the help and interest shown in taking the photograpfs.

I thank, Or. M. S. Sheela, Associate Professor, Department of Entomology for
providing me the facifities for taking photographs.

1 sincerely thank, ©r. Vijayaraghavakumar, Associate Professor, Department of
Agricultural Statistics and Mr. C. E. Ajith Kumar, Junior Programmer for the valuable felp
extended in statistical analysis and interpretation of data.



APPROVED BY

CHAIRMAN

Dr. SUSAMMA MATHAI

Professor,

Department of Agricultural Entomology,
College of Agriculture, Vellayani,
Thiruvananthapuram-695 522

MEMBERS

Dr. K. SARADAMMA

Professor and Head,

Department of Agricultural Entomology,
College of Agriculture, Vellayani,
Thiruvananthapuram-695522.

Dr. T. JIJI

Assistant Professor (S.S),

Department of Agricultural Entomology,
College of Agriculture, Vellayani,
Thiruvananthapuram-695522

Dr. C. K. PEETHAMBARAN
Professor and Head,

Department of Plant Pathology,
College of Agriculture, Vellayani,
Thiruvananthapuram-695522.

EXTERNAL EXAMINER

Dr. M. S. PALANISWAMI
Principal Scientist and Head,
Division of Crop Protection,
CTCRI, Sreekaryam,
Thiruvananthapuram.



T~

T0 MY PAPPA

/\/




Vi

ACKNOWLEGMENT

“Trust in the Lord with all your fieart and lean not on your own understanding;
In all your ways acknowledge HHim, and He will make your paths straight.”
Holy Bible (Proverbs 3: 5~ 6)

I wish to express my heartfelt gratitude and indebtedness to Or. Susamma Mathaj,
@rofessor, Department of Agricultural Entomology and Chairperson of my Advisory
Committee for her valuable guidarice, constant encouragement and everwilling help
throughout the course of investigation. I pleasantly recall the moral support and affection
shown to me 6_y ﬁerd'unng thie entire period of study.

I extend my heartfelt gratitude to Or. C. K, Peethambaran, Professor and Head,
Department of Plant Pathology and member of my Advisory Committee for his valuable
suggestions, constant inspiration and everwilling help rendered throughout the course of
study. Unfailing and genuine interest shown by him, much beyond his formal obligation for
the successful completion of this work, especially, the preparation of thesis is gratefully
acknowledged.

I express my sincere thanks to Or. K, Saradamma, Professor and Head, Department
of Agricultural Entomology for her valuable help rendered throughout the period of
investigation.

Sincere thanks are due to Or. T Jiji, Assistant Professor (5S) Department of
Agricultural Entomology and member of my Advisory Committee for her constructive
suggestions, timely help, encouragement and friendly approach during the research work and
in the preparation of this thesis.

I thankfully acknowledge Dr. C. Gokulapalan, Associate Professor, Department of
Plant Pathology for the help and interest shown in taking the photographs.

I thank, ©r. M. S. Sheela, Associate Professor, Department of Entomology for
providing me the facilities for taking photographs.

I sincerely thank ©Or. VijayaraghavaRumar, Associate Professor, Department of
Agricultural Statistics and Mr. C. E. Ajith Kumar, Junior Programmer for the valuable fielp
extended in statistical analysis and interpretation of data.




Ny

It is a pleasure to Reep in mind the affectionate help and constant encouragement
rendered by my beloved teachers in the Department of Entomology, especially Dr.
Nalinakumari, T, ©Or. Anitha, N and Or. Prathapan, K, D.

I am grateful to Or. V. K, Girija, Associate Professor, fDepartment of Plant
Pathology and Dr. R, V. Manju, Assistant Professor, Department of Plant Physiology for
their constant encouragement and affection shown to me.

I am also thankful to Manoj. S, JayaRumar and Anoop Sankar, for the heip rendered
in taking photographs.

I thankfully acknowledge the invaluable company given by Sindhumole chechi and

“Praveena chechi especially for their constant inspiration and help. ‘Ihe affectionate friendship
with Usha chechi, Bini chechi, Vrinda chechi, Lovely chechi, Priya chechi, Nisha chechi and

Ambily chechi is remembered.

I am indebted to my friends Betty, Refi, Maya, Nisha, K Mathew, L, Reeja,
Bhavani, Divya, Sabitha, Rajitha, LeRfa and Sangeeth.

Love and care shown by Binitha, Anitha, jayad.'evz, :Mamppa, Hanumanthappa and
Adrian (UAS, Bangalore) is greatly acknowledged. = _

Words fail to express my gratitude and love to Serene, Achan, Amma and Sandhya
chechi, for the over whelming love, care, encouragement and inspiration given to me
throughout the course of study. Specialthanks to S’ for being with me always.

The prayers, love and expectations of my ®appa, Vincy chechi, Sunil chettan, Justine
and AmalaRutty and the everfasting memory of my mother P.Ela acted as a source of
inspiration to complete this work in time.

It is my pleasure to express thanks to Kjshore.B.Nair for prompt and skillful typing,
co-operation and patience showed in the preparation of this thesis.

The supply of specimens needed for the study by Department of Entomoloty, TNAV,
Coimbatore is greatly acknowledged.

The awarding of PG fellowship by KAV is gratefully ackpowledged.

oo

JINCY SIMON



Niii

CONTENTS
Page No.

INTRODUCTION 1

. _REVIEW OF LITERATURE 3
MATERIALS AND METHODS 17
RESULTS 26
DISCUSSION 61
SUMMARY - - -
REFERENCES 74

ABSTRACT



L1ST OF TABLES

Table ) Page
Title
Number Number
1. Entomopathogenic fungi used for the study 17
2. List of sucking pests used in pathogenicity tests. 18
3. List of leaf feeders used in pathogenicity tests 18
4, Fungus, doses and target pests used for bioassay 20
5. Pathp:genicity of entomopathogenic fungi on various '77
-| vegetable pests
6. Target pests of selected entomopathogenic fuugi 28
7. Cumulative per cent mortality of fourth instar larvae of
S. derogata treated with different spore concentrations 31
.of B. bassiana
8. Probit analysis of dose-mortality responses of fourt! A
instar larvae of S. derogata to varying doses of B. 31
bassiana
9. Cumulative percentage mortality of third instar larvae
of S. litura treated with different spore concentrations 32
of B. bassiana
10. | Probit analysis of dose mortality responses of third
instar larvae of S. litura to varying doses of 32
B. bassiana
11. | Cumulative percentage mortality of third instar larvae
of P. ricini treated with different spore concentrations 34
of B. bassiana
12 Probit analysis of dose mortality re.Sponses of P. ricini .
to varying doses of B. bassiana >
13. | Cumulative per cent mortality of A. craccivora treated 36
2

with different spore concentrations of F. pallidoroseum




List of Tables continued

14.

Probit analysis of dose mortality responses of

the viability of R. oryzae

A. craccivora to varying doses of F. pallidoroseum 3
15. | Cumulative per cent mortality of M. persicae treated 37
with different spore concentrations of F. pallidoroseum
16. | Probit analysis of dose mortality responses of 37
M. persicae to varying doses of F. pallidoroseum
17. | Cumulative per cent mortality of D. cingu{atus treated 38
with different spore concentrations of R. oryzae
- 18. | Probit analysis of dose mortality responses of D. .
cingulatus to varying doses of R. oryzae 38
19. | Mycelial growth and spore count of B. bassiana in
different substrates 40
.20. | Mycelial growth and spore count of F. pallidoroseum
in different substrates 40
21. | Mycelial growth and spore count of R. oryzae in
different substrates +
22 Effect of period of storage (at room temperature) on
the viability of B. bassiana “
23. | Effect of period of storage (at room temperature) on
sporulation of B. bassiana (spores ml™') x 10° 45
24. | Effect of period of storage (at room temperature) on
the virulence of B. bassiana “
25. | Effect of period of storage (at room temperature) on
the viability of . pallidoroseum | 48
26. | Effect of period of -storage (at room temperature) on
sporulation of F. pallidoroseum (spores ml™') x 10° ¥
27. | Effect of period of storage (at room temperature) on .
virulence of F. pallidoroseum !
28. | Effect of period of storage (at room temperature) on 53




X1

List of Tables continued

Effect of period of storage (at room temperature) on

sporulation of R. oryzae (spores ml™) x 107

54

Effect of period of storage (at room temperature) on

virulence of R. oryzae

55

Effect of different pesticides on mycelial growth and

sporulation of B. bassiana

Effect of different pesticides on mycelial growth and

sporulation of F. pallidoroseum

58

(9%
(78]

Effect of different pesticides on mycelial growth and

sporulation of R. oryzae

60




LIST OF FIGURES

et e

1. Spore count (eleven days after inoculation) of 10.41
B. bassiana in different substrates

2. Spore count (seven days after inoculation) of 40.41
F. pallidoroseum in different substrates

3. Spore céunt (six days after inocula.tion) of R. oryzae 41.42
in different substrates

4. Effect of period of storage on viability of 43.44
B. bassiana (at room temperature)

S. Effect of period of storage on virulence of 46.47
B. bassiana (at room temperature)

6'. | ‘Effect of pefiod of storgge oq viab?li.ty of‘ 48.49
F. pallidoroseum ( at room temperature)

7. Effect of period of storage on virulence of 5150
F. pallidoroseum (at room temperature)

8. Effect of period of storage on viability of R. oryzae A
(at room temperature) 2304

9. Effect of period of storage on virulence of R. oryzae o
(at room temperature) 33:36

0. Spore count (eleven days after inoculation) of

'B. bassiana on PDA poisoned with different 57-58
pesticides

11. Spore count (seven days after inoculation) of
F. pallidoroseum on PDA poisoned with different 58-59
pesticides

12. Spore count (six days after inoculation) of 50-61

R. oryzae.on PDA poisoned with different pesticides




XAt

LIST OF PLATES

incorporated with various pesticides

e P
1. S. derogata infected with B. bassiana 29-30
2. P. ricini larvae infected with B. bassiana 29-30
3. S. litura larvae infected with B. bassiana 29-30

é;.‘ A. craccivora infected with F, -‘z-)allidoroseum 29-30
5. M. persicae infected with F. pallidoroseum 29-30
5. D. cingulatus infected with R. oryzae 29-30
7. Growth of B. bassiana in different solid and

' liquid substrates - '41_-42
8. Growth of F. pallidoroseum on different solid 4142
and liquid substrates
9. Growth of R. oryzae in different solid and
liquid substrates 4l-42
10. Growth of entomopathogenic fungi in media 60-61




kg

mg

ml

cm
mm
%
°C
Fig.

MAS .

MCD
PIOC
PDA
CD

ppm
EC

viz.
el al.

Spp-

XN

LIST OF ABBREVIATIONS

kilogram
gram
milligram
millilitre
metre .
centimetre
millimetre
percentage
degree Celsius
Figure

~ Months after storage
‘Mean colony diameter
Percentage inhibition over control
Potato dextrose agar
Critical difference
Parts per million
Emusifiable Concentrate
hour
namely
And others

Different species




INTRODUCTION



1. INTRODUCTION

Use of chemical pesticides has become an indispensable
component in modern day intensive agriculture, where pests and diseases
pose a major threat to farmers. Several environmental and ecological
hazards have already been reported as an outcome of widespread use of
chemical pesticides in agriculture.

Occurrence of pests and diseases is a major problem in vegetable
cultivation. Vegetables are consumed in more or less unprocessed form
case.

Incorporation of biological control methods, which impart
minimum harmful impact on the environment and non-target organisms,
is gaining importance nowadays. Practically, almost all insects have
their natural enemies in the form of predators, parasitoids or pathogens.
The identification and development of suitable natural enemies and their
incorporation in integrated pest management programme against each
pest is an important step in successful biocontrol method.

Under natural conditions, fungi often cause epizootics among the
arthropod pests. Charnley (1989) recorded more than 700 species of
entomopathogenic fungi. Fungi, being able to invade directly through
‘the cuticle, offer an advantage over the bacterial and viral pathogens ie.,
fungi can infect even the piercing and sucking insects.

Most of the fungal pathogens require high humidity and optimum
temperature for their natural existence and virulence. The high humid
condition in Kerala, offer a suitable environment for successful
utilization of entomopathogenic fungi for pest management.

Though the entomopathogenic fungi belonging to Hyphomycetes
and Deuteromycetes attack a wide range of insects falling in different

orders, they exhibit considerable species specificity also. For example,



the white muscardine fungus Beauveria bassiana has more than 1000
isolates, each being specific to a particular host.

Studies on pathogenicity and virulence, mass production and
formulation techniques, compatibility with other pest control methods
especially the chemicals and stability of the fungus on storage are
important in the development of a mycopesticide. '

Considering all these parameters, the present study was
undertaken to identify the host range of the entomopathogenic fungi
Beauveria  bassiana, Beauveria  brongniartii, Paecilomyces ..
__L"qmosoroseus, Paecilomyces _Ii{gqj_@g, ) Metarhizium anisopliae,
Fusarium pallidoroseum and Rhizopus oryzae among the major vegetable
pests.

Identification of cheaper and locally available mass multiplication
media, compatibility with commonly used pesticides in vegetables,
dosage for 50 per cent mortality under laboratory conditions and effect -
on storage for a period of six months at room temperature were also

studied.
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2. REVIEW OF LITERATURE

" Incidence of pest attack is a major constraint in vegetable
cultivation.  Vegetable crops are attacked by several lepidopteran,
hemipteran and coleopteran pests. The use of microbial agents in the
management of vegetable pests is gaining momentum in many countries.
Under natural conditions, fungi are a frequent and natural mortality
factor in insect populations. Unlike other potential biocontrol agents,
fungi do not have to be ingested to infect their host but invade directly
through the cuticle and so can be used for the control of all insects
including the sucking pests (Ignoffo, 1978). Nearly 700 species of fungi
under 90 genera are known to be entomopathogens (Charnely, 1989).

Entomopathogenic fungi are reported from ;nost of the insect taxa
like Lepidoptera, Isoptera, Coleoptera, Diptera, Hemiptera and
Orthoptera.  These fungi have a wide host range including many
important pests of vegetable crops. The n;ost widely studied
entomopathogenic fungi belong to the fourteen genera namely Beauveria,
Metarhizium, Verticillium, Hirsutella, Erymia (Zoopththora), Nomuraea,
Aspergillus, Aschersonia, Paecilomyces, Tolypocladium, Leptolegnia,

Culicinomyces, Coelomomyces and Lagenidium (Moore and Prior, 1993).

2.1 FUNGAL DISEASES OF VEGETABLE PESTS

'2.1.1. Beauveria spp.

' Beauveria spp. were used as entomopathogenic fungi as‘early in
1836 (Bassi) for the management of chinchbugs. However the earliest
report of the use of this fungus in the management of vegetable pests was
with the work of Klochko (1969) who found Beauveria tenella and
Beauveria = bassiana as  efficient pathogens of  Epilachna
vigintioctopunctata. He found that the spores of B. tenella from
naturally infected insects were more virulent than those from pure

culture. The fungus caused 98 per cent mortality of larvae in 13 days.



B. bassiana caused 100 per cent mortality of sweet potato weevil, Cylas
formicarius, Chalcodermus ebeninus, Metamasius sericeus and
Cosmopolites sordidus (Diaz ef al., 1986) and reduced the field
population of grasshopper Melanoplus sanguinipes by 60 per cent in nine
days (Johnson and Goettel, 1993). |

A homopteran isolate of the fungus when sprayed at 10® spores

! caused 72 — 86 per cent mortality of green peach aphid Myzus

m]
persicae attacking canola (Miranpux and Khachatourians, 1993) and
another isolate was found pathogenic to white grub Holotrichia serrata
(Nehru and Jayarathnam, 1993). '

Poprawski and Khachatourians (1994) reported white muscardine
fungus as an important biocontrol agent of Nilaparvata lugens,
Spodoptera litura, Heliothis armigera, Holotrichia consanguinea and
Schistocerca gregaria. Extensive mortality of ovipositing females of
grasshopper M. sanguinipes was reported by exposmg them .to sand
containing B. bassiana at 7.2 x 106 to 4.2 x 107 con1d1a g (Inglis et al.,
1995). They observed heavy infection of the fungus in the abdominal
region of the insects.

Saxena and Ahmad (1997) recorded a negative correlation
between the concentration of the fungal spores in spray fluid and the
incidence of Helicoverpa armigera in chickpea. B. bassiana was found
‘pathogenic to brinjal spotted beetle, Henosepilachna vigintioctopunctata
(Padmaja and Kaur, 1998), Aphis craccivora (Zaki, 1998), white flies,
Trialeurodes vaporariorum and Bemisia argentifolii attacking tomato
(Olson and Oetting, 1999), eggs and nymphs of B. argentifolii (Orozco
et al., 2000 and Ramos et al., 2000). »

B. bassiana isolate MG-Gb-1 caused more than 95 per cent
mortality of Plutella xylostella at 1 X 107 conidia ml™' (Masuda, 2000)
and another isolate P89 caused 100 per cent mortality of cabbage
maggot, Delia radicum (Meadow et al., 2000). The fungus prevented the

egg laying of D. radicum when the other females were treated with it.




Ekesi (2000) reported higher per cent mortality and antifeedant
effect of B. bassiana isolate CPD; and CPD,y on cowpea leaf beetle,

QOotheca mutabilis.

2.1.2 Fusarium spp.

The entomopathogenic property of Fusarium was first reported by
Kunckel d’ Hercularis and Langlois (1891) on S. gregaria. The use of
this fungus has not been commercially exploited as in the case of
B. bassiana. Fusarium equiseti ‘was observed to infect pupal and adult
stages of okra petiole maggot Melanoagromyza hibisci and caused 100
per 'cent--‘-rnortality of brinjal mealy bug Coccidohystrix insolita
(Gopinathan et al., 1982). : .

Jacob et al. (1978) described the oczurrence of Fusarium
moniliformae var. subglutinans on the grubs .pupae and adults of
.epilachna beetle, H. vigintioctopunctata. The fungus at 7.5 x 10° conidia
ml™' caused 96.67 per ‘cent mortality of H.vigintioctopunctata (Beevi,
1979). Under laboratory conditions, the same fungué was pathogenic to
Mpylabris pustulata and Aulacophora sp. (Beevi, 1982).

Entomopathogenic ability of other species of Fusarium have also
been reported — Fusarium semitectum on M. persicae (Nagalingam and
Jayaraj, 1986), Fusarium pallidoroseum on cowpea aphid A. craccivora

(Hareendranath et al., 1987) and M. persicae (Rejirani, 2001).

2.1.3 Rhizopus spp.

Narayanasamy (1998) reported Rhizopus oryzae as a pathogen of
the rice pest N. lugens. R. oryzae isolated from red cotton bug
Dysdercus cingulatus was found to be pathogenic to the nymphs and
adults of that pest at 280 spores ml™' concentration (Hebsybai er al.,
1999).

Mathai (1999) repérted that R. oryzae at 5 x 10°® spores ml" was
pathogenic to Leptocoriza acuta, Coptosoma cribaria, Fhymatostetha

deschampes, Nezara viridula, Paradasynus rostratus, Riptortus



pedestris, Anchon pilosum, Toxoptera aurantii, A. craccivora and

Pseudococcus lilacinus.

2.1.4 Metarhizium spp.

Metarhizium is a fungus which is being used as a commercial
product for the management of many insect pests. The first report of this
fungus as a entomopathogen can be traced to the work of. Metchnikoff
(1879) on wheat cockchaffer. However, reports of the use of fungus to
manage vegetable pests are very scanty.

Chaudhuri (1976) reported the death of brinjal mealy bug
Centrococcus insolitus in seven to ten days when inoculated with
Merarhizium anisopliae. Gopalakrishnan and Narayanan (1988) reported
100 per cent mortality of mature larvae of noctuid H. armigera by
M. anisopliae var. minor.

Fourth instar larvae of Colorado potato beetle, Leptinotarsa
decemlineata were killed by the same fungus (Chabchoul and Taborsky,
1991). The fungus when applied on the larvae of sweet potato weevil,
C. formicarius caused death of the larvae in three to five days after
inoculation (Rana and Villacarlos, 1991). They recorded the adverse
effect of fungal application on total fecundity also.

Finnish isolate of M. anisopliae caused 40 — 50 per cent mortality
of second and third instar larvae of cabbage root fly, Delia floralis under
laboratory and glasshouse conditions at 1.5 x 10'° spores ml™! (Vanninen
et al., 1999). Wickramatileke er al. (2000) evaluated the effectiveness
of M. anisopliae var. major on cabbage semilooper, Chrysodeixis
eriosoma and observed 90 per cent mortality within seven days after

treatment.

2.1.5 Paecilomyces spp.
Paecilomyces farinosus, an entomogenous fungus was isolated

from L. decemlineata by Bajan and Kmitowa (1969). When the field




collected eggs were sprayed with suspensions containing 2 x 10° spores
ml™" of the fungus, hatch did not exceed 16.5 per cent and the hatched
out larvae died soon. Nene (1975) reported the same fungus as a
pathogen of adults of Bemisia tabaci.

Ramisch (1976) recorded mortality of L. decemlineata by
P. farinosus. Another isolate of P. farinosus was found to infect the
larvae of Sylepta derogata, Antoba olivacea, Diacrisia obliqua,
Margaronia indica, Plusia peponis, Hymenia recurvalis, Psara basulis,
Nephantis serinopa and adults of D.cingulatus, N. lugens and Pentalonia
nigronervosa (Kuruvilla and Jacob, 1980). Gopalakrishnan et al. (1999)
proved the efficacy of P. farinosus against P. xylostella, both under
glasshouse and field conditions. .

Ibrahim and Low (1993) noticed significant reduction in the larval
population of P. xylostella by the application of spore suspension of
Paecilomyces fumosoroseus and B. bassiana. P. fumosoroseus was
reported as one of the microbial agent against Bemisia spp. and other
white flies under glasshouse conditions (Lacey and Fransen, 1994).

The fungus was lethal to third instar larvae of S. litura,
H. armigera and adults of Aphis gossypii at a concentration of 1 x 10°
conidia ml™' (Hassani et al., 2000) and caused significant reduction in the
population of yellow mite Polyphagotarsonemus latus (Ramarethinam e/

al., 2001).

2.1.6 Entomophthora spp.

Strawinski (’1930)- first reported frequent epizootics caused by
entomogenous fungus Enfomophthora sphaerosperma on Pieris
brassicae in Europe, and observed that the fungus regulated the outbreak
of the pest. The same fungus was identified by Shaw (1959) as a
pathogen of Plutella maculipennis in Britain. Entomophthora coronata
~ was reported as a parasite of M. persicae, Rhophalosiphum erysimi and

Brevicoryne brassicae feeding on Brassica spp and radish under very



high humid conditions in India (Ramaseshiah, 1967) while
Entomophthora  blunckii ~was reported from cabbage moth,
P.maculipennis (Zimmermann, 1978).

Hussey and Tinsley (1981) reported that conidial suspensions of
the fungus Entomophthora aphidis killed A. gossypii, Aphis pomi,
Sitobion avenae and M. persicae. The resting spores of Entomophthora
thaxteriana Killed the field population of pea aphid Achanthosiphon
pisum (Varonina ef al., 1987).

2.1.7 Verticillium spp.

"7 ""Two isolates of the fungus Verticillium lecanii were reported on
the whitefly, T. vaporariorum and aphid 4. gossypii in glasshouse
conditions (Hall, 1982). This fungus caused mortality of aphid
M. persicae under field conditions also. Grunberg et al. (1988) reported
that V. lecanii effectively managed the aphids M. persicae, A. gossypii
and Aphis fabae under greenhouse conditions.

Meade and Byrne (1991) reported mortality of all the three
nymphal stages of Bemisia tabaci by the fungus V. lecanii and Gindin er
al. (2000) reported the pathogenicity of the fungus on eggs, third instar
nymphs, pupae and adults of B. argentifolii.

2.2 BIOASSAY OF ENTOMOPATHOGENIC FUNGI

Badilla and Alves (1991) conducted bioassays under in vitro
conditions using four dosages of B. bassiana against Sphenophorus levis.
They obtained an LCso value of 8.8 x 10° conidia ml™! while Dorschner et |
al. (1991) recorded an LCso of 1.37 x 10° conidia ml! when B. bassiana
was used against the hop aphid, RPhorodon humuli.

Ninety five per cent mortality of larvae of Ostrinia fumacata was
obtained when B. bassiana at 50 x 10° spores ml™! was sprayed on them
(Zhang et al., 1992). Brenes and Carballo (1994) determined the LCsp

and LCyg values of A4 strain of B. bassiana against C. sordidus as 7.89 x




107 and 2.67 x 10° spores ml™! respectively. They obtained the LTsp
value between 6.3 and 10 days.

Negasi ef al. (1998) reported that the isolate Lioo9 of B. bassiana
was pathogenic to first instars and adults of B. argentifolii v;/ith LCsp and
LCgo values of 1.3 x 10% and 1.0 x 107 conidia ml™ respectively. Adults
of shot hole borer of tea, when sprayed with B. bassiana spore
suspensions (10°, 10%, 107 and 10® spores m1™") under in vitro conditions,
caused 100 per cent mortality within 5 — 6 days at 107 and 10® spores
ml™"' (Selvasundaram and Muraleedharan, 2000).

Khan and Gangapersad (2001) reported LCso value of 4.5 x 107
spores ml™' of B. bassiana against banana bore weevil, C. sordidus.
Ignoffo er al. (1983) conducted a leaf surface treatment bioassay under
field conditions for determining the activity of conidia of B. bassiana
against L. decemlineata and found out that 200, 16.25 and 0.75 kg
conidia ha™' caused 99, 90 and 50 per cent mortality of the larvae. ‘

Hareendranath (1989) conducted bioassay using F. pallidoroseum
on A. craccivora under laboratory conditions and calculated LCsq value
as 3.048 x 10° spores ml'. .

Blastospores of V. lacanii at 2.5 x 10" spores 1! gave complete
control of chrysanthemum aphids 4. gossypii under glasshouse
conditions (Sopp ef al., 1989).

Chen et al. (1995) observed 100 per cent mortality of Holotrichia
paralella when an isolate of M. anisopliae was applied to soil at a
concentration of 2.5 x 10° spores g under in vitro conditions and
another isolate of the same fungus showed 54 — 100 per cent mortality of
Megalothrips sjostedti (Ekesi et al., 1998). They obtained the LCso and
LTso of the fungus as 1.3 x 10% conidia ml™' and 2.4 days respectively.
Vanninen et al. (1999) obtained 40 ~ 50 per cent mortality of third instar
larvae of cabbage root fly D. floralis when exposed-to 1.5 x 10'° spores

ml™ of M. anisopliae.
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In laboratory bioassays the fungal spore concentration of 40 x 108
spores ml™' of M. anisopliae caused 92 and 90 per cent mortality of 3 — 5
day old and 5 — 8 day old cabbage semilooper (Wickramatileke et al.,
2000). They stated that a concentration of 86 x 10’ spores ml™' was
optimum under laboratory conditions. LCsg values of 5.13 x 107 and 4.92
x 10® spores ml™' of M. anisopliae and Metarhizium flavoviridae were
obtained against banana weevil, C. sordidus (Khan and Gangapersad,
2001).

A spore concentration of 1x 10® conidia ml™' of P. fumosoroseus
caused 76.20, 59.60 and 95.80 per cent ’_mortality of third instar larvae of
S. litura, H. armigera and adults of 4. gossypii respectively (Hassani ef
al., 2000).

2.3 MASS MULTIPLICATION OF ENTOMOPATHOGENIC FUNGI

Ease and low cost of production and application, are among the
principal characteristics of a desirable pathogen. Most. of the fungal
products used in biological control are produced in vifro. -The scale of
production ranges from small-scale agar based production to industrial
scale production (Pereira and Roberts, 1990).

Ferron (1981) reported solid-substrate fermentation based on
cereal grains such as rice or static liquid culture as suitable for fungal
pathogens while Jenkins and Prior (1993) recommended deep tank liquid
fermentation to produce mycelial products, blastospores and submerged
conidia.

2.3.1 Solid Substrates

Growth and sporulation of B. bassiana infecting P. xylostella was
maximum on rice among the different loose-solid media tested by
Ibrahim and Low (1993). Similar observation was also made by Vilas
et al. (1996). Puzari et al. (1997) reported a mixture of rice hull, saw
dust and rice bran in the ratio 75 : 25 : 100 to be an ideal substrate for

mass production of the fungus.




Chaudhuri ef al. (2001) tested various substrates including grains
and agricultural byproducts for mass multiplication of B. bassiana and
based on biomass production, conidial count, radial growth and viability
of conidia, sorghum grains was f:ound to be the best substrates to support
growth and sporulation of the fungus. According to Haraprasad et al.
(2001) B. bassiana grew well on rice bran (fine), rice bran (coarse) and
wheat bran yielding a maximum sporulation.

Beevi (1979) reported sorghum and bajra to be the most suitable
food source for mass multiplication of F. moniliformae var.subglutinans
pathogenic to epilachna beetle. Broken maize grains and black gram
husk or red gram husk at 4:1 (w/w) ratio was found to be an ideal
substrate for mass multiplication of F. semitectum infecting M. persicae
(Nagalingam, 1983).

Mathai er al. (1988) observed maximum spore count of
F. pallidoroseum when it was grown on wheat bran or rice bran plus .
‘fapioca bits while the growth was very poor on vegetable waste and on
tapioca stem peelings.

According to Faizal (1992) growth of F. pallidoroseum was quick
on wheat bran compared to other substrates like rice bran and
combination of bran and straw bits. However, Rejirani (2001) obtained
good growth and sporulation of the same fungus on rice bran and
gingelly oil cake.

Daoust and Roberts (1983) observed rice medium to be a better
and cheaper substrate than the more complex mycological media for the
production of conidia of M. anisopliae. Alvarez et al. (1997), Narvaez et
al. (1997) and Jenkins et al. (1998) also reported sterile humid rice as
the best substrate for growing M. anisopliae.

Easwaramoorthy and Jayaraj (1978) obtained good sporulation of
Cephalosporium lecanii when it was grown on moist sterile sorghum

grains for three weeks.
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2.3.2 Liquid Substrates

Batista et al.(1989) observed better conidial production of
B. bassiana in bran broth compared to rice and potato broth. Ibrahim
and Low (1993) identified coconut water as the best liquid medium for
production of B. bassiana. .

Manisegarame and Letchoumanane (1996) tried coconut water,
parboiled rice water, parboiled rice gruel, raw rice water and raw rice
gruel for mass production of F. pallidoroseum and observed maximum
biomass production in coconut water compared to other substrates. The
beneficial effects of coconut water was also reported by Rejirani (2001).

Danger et al. (1991) used coconut water from copra making
industry for mass production of M. anisopliae against rhinoceros beetle,

Oryctes rhinoceros.

2.4 STORAGE OF ENTOMOPATHOGENIC FUNGI

while developing a biopesticide. Effect of substrate on the retention of
conidial viability and virulence of an entomopathogenic fungus after
prolonged storage should be assessed for selection of ideal substrate for
growth of the fungi.

Walstad et al. (1970) noticed that the survival of spores of the
muscardine fungi over extended periods of time was affected by the
‘storage temperature. They observed that the spores of B. bassiana and
M. anisopliae remained viable for twelve months at 8°C, but lost the
virulence after 0.5 and 2.5 months at 21°C.

Blachere et al. (1973) observed 85 per cent and 100 per cent
reduction in the survival of Beauveria brongniartii when it was stored
for four and seven weeks respectively at 23°C. However, when it was
stored at 4°C the percentage of spores survived was 16 even after eight

months.




Aregger (1992) reported 98 per cent viability of conidia of

B. brongniartii for two years when stored at 2°C and the survival of
conidia of Beauveria was maximum when it was stored in water at
15 — 25°C. The spores of B. bassiana formulated as wettable powder
retained more than 85 per cent spore germination even after eight months
when stored under refrigerated condition. The pathogenicity of the
fungus was maintained even after one year at room temperature (Zhang
et al., 1992). '
' Spores of F. pallidoroseum isolated from A. craccivora and
formulated in water, talc and diatomaceous earth retained 75 per cent
viability till four days of storage and thereafter a significant reduction
was noticed in the virulence (Faizal, 1992).

Sunitha (1997) observed that the shelf life of F. pallidoroseum
spores could be doubled by storing the spores in diatomaceous earth
under refrigeration, compared to room temperature. The virulence was
reduced to 50 pef cent at the -e'nd of ten months when stofed at rootﬁ
temperature while at refrigeration 91.4 per cent of spores retained their
virulence.

Rejirani (2001) identifi'ed semidry cadaver, diatomaceous earth,
fine charcoal powder and leaf mould to be the ideal carriers to conserve
viability and virulence of the spores of F. pallidoroseum. Storage under
refrigeration was found to improve the spore qualities when compared to
storage at room temperature.

Entomogenous fungus Paecilomyces cicada isolated from cicadid
Platylorria pieli retained its pathogenicity after storage for one year at
room temperature (Chen er al., 1990). But only few blastospores
survived after 24 h of storage on silica gel, sand or diatomaceous earth at
20 — 23°C in the case of P. fumosoroseus.

Moore et al. (1995) observed 42 per cent germination of M.
flavoviridae after four to five months of storage as powder at 25 — 37°C

while the germination percentage increased to 97 at 10 —12°C.



2.5 EFFECT OF PESTICIDES ON GROWTH AND SPORULATION OF
ENTOMOPATHOGENIC FUNGI
One of the most promising aspects of microbial control agent of
insect pest is its integration with other pest control measures,
particularly the chemical method (Urs et al., 1967). Several pesticides
have been reported to have varying effects on entomopathogenic fungi

from inhibitory to stimulatory.

2.5.1 Insecticides

Anderson and Roberts (1983) found that generally the wettable
powder and flowable formulations cause no inhibition, and often increase
the colony counts whereas emulsifiable concentrate formulations
frequently inhibit B. bassiana germination.

Carbaryl at 0.1, 1, 10, 100 and 1000 ppm inhibited the
germination of conidia of the entomogenous fungi B. bassiana,
M. anisopliaé and HKirsutella citriformis (Aguda ef al., 1988). Anderson
et al. (1989) reported that abamectin, triflumuron, thuringiensin and
carbary! demonstrated no significant inhibition of colony growth of the
fungus, B. bassiana.

Moniliale fungi like B. bassiana, P. farinosus and V. lecanii
showed better growth on the medium containing 25 per cent
diflubenzuron at the two lower doses while, at ten times the field dose,
“growth was inhibited (Sapieha and Mietkiewski, 1992).

Faizal and Mathai (1997) reported complete inhibition of growth
of F. pallidoroseum by HCH. Monocrotophos and mercaptothion
produced less inhibition on growth and allow fairly good sporulation.
Fenthion showed least inhibition on sporulation of the fungus but caused
inhibition of growth. Rejirani (2001) reported that quinalphos at 0.05
per cent concentration did not suppress the growth and sporulation of

F. pallidoroseum completely.
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Ignoffo er al. (1975) reported that pesticides recommended for use
in soybeans suppressed the growth of Nomuraea rileyi at one tenth of the
recommended concentration. Gopalakrishnan and Mohan (2000)
reported that insecticides monocrotophos, phosphamidon and dimethoate
were comparatively safe to-the entomopathogenic fungus N. rileyi at
lower as well as higher concentrations, but quinalphos, carbaryl,
endosulfan and fenvalerate were safe at lower concentrations (0.005,
0.025, 0.05 %) but were highly detrimental to the fungus at higher
concentrations (0.15 and 0.75 %).

Four concentrations (50, 100, 200 and 500 ppm) of water
cﬁsperéible formulation of imidacloprid significantly reduced the
germination of primary conidia of Neozygites floridana but 100 ppm
solution increased the conidial germination in Hirsutella thémpsonif
(Dara and Hountondji, 2001).

‘Eayre et al. (1990) also reported better germination of Hirsutella .

" “rhossiliensis by imadacloprid.

2.5.2 Fungicides

Todorova er al. (1998) studied the effect of six fungicides
(chlorothalonil, maneb, thiophanate-methyl, mancozeb, metalaxyl +
mancozeb and zineb) on B. bassiana in vitro. All the six fungicides
inhibited the mycelial growth and sporulation.

Faizal and Mathai (1997) observed complete inhibition of
sporulation of F. pallidoroseum by copper oxychloride, mancozeb,
captofol, captan and zineb. Captan and zineb inhibited the vegetative
growth of the fungus.

Inhibition of conidial germination of Neozygites floridana by
benomyl was reported by Brandenberg and Kennedy (1983). Hirsutella
citriformis was susceptible to benomyl at 10 and 100 ppm (Aguda et al.,
1988).
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2.5.3 Botanical Pesticides

Gupta et al. (1999) observed that commercial neem products like
Neem Gold, Neemark and neemcake-water-extract had inhibitory effect
of mycelial growth of B. bassiana in direct proportion to the
concentration of chemical or extract. They also observed that
margocide, nimbicidine and neem cake-alcohol-extract had no effect on
growth of B. bassiana and neem-leaf-water and neem-leaf-alcohol
extracts, Field Marshal and Achook (Neem products) stimulated the
fungal growth in direct relation to_chemical concentration.

Rejirant (2001) reported that seed oil emulsions of neem and

marotti at 10 per cent highly inhibited the sporulating ability of the

fungus F.pallidoroseum, but leaf extracts of neem, bougainvillea and

hyptis were found to enhance sporulation.
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3. MATERIALS AND METHODS

Experiment on the “Effect of entomopathogenic fungi on sucking
pests and leaf feeders of vegetables under in vitro conditions” was
conducted in the insect pathology laboratory, College of Agriculture,
Vellayani during 2000 — 2002.

3.1 PATHOGENICITY TESTS OF ENTOMOPATHOGENIC FUNGI
ON VARIOUS VEGETABLE PESTS '
Experiments were conducted under in vitro conditions to study the
pathogenicity of different _entomopathogenic fungi on various sucking

pests and leaf feeders of vegetables.

Table 1. Entomopathogenic fungi used for the study

Fungus Source
1.Metarhizium anisopliae.(Metch) Central Plantation Crop Research
: : - : Institute, Kayamkulam, Kerala
2.Beauveria  bassiana (Balsamo) | Department of Entomology, Tamil
Vuillemin Nadu Agricultural University,
Coimbatore
3.Beauveria brongniartii (Sacc.) | Sugarcane Breeding Institute,
Petch Coimbatore
4.Paecilomyces fumosoroseus (Wize) | Department of Entomology, Tamil
Brown Nadu Agricultural University,
Coimbatore
5.Paecilomyces lilacinus (Thom.) | Indian Type Culture Centre, Indian
Samson Agricultural Research Centre, New
. Delhi
6.Rhizopus  oryzae  Went  and | Insect Pathology Laboratory, College
Gerlings of Agriculture, Vellayani
7.Fusarium pallidoroseum (Cooke) [ Insect Pathology Laboratory, College
Sacc. | of Agriculture, Vellayani

- 3.2 TEST INSECTS

3.2.1 Sucking Pests

Ten Hemipteran pests were collected from the Instructional Farm

of the College of Agriculture, Vellayani and reared in the laboratory
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using their respective host plants. These insects were used for testing
the pathogenicity of entomopathogenic fungi listed under Table 1.

Table 2. List of sucking pésts used in pathogenicity tests.

Insect species Host plant

1. Aphis gossypii Gl. Brinjal (Solanum relongena)

2. Coccidohystrix insolitus (Gr) Brinjal (Solanum melongena)

3. Bemisia tabaci G Brinjal (Solanum melongena)

4. Aphis malvae Koch. Bhindi (4belmoschus esculentus)

5. Amrasca devastens (Ishida) Bhindi (Abelmoschus esculentus)
| 6. Aleurodicus dispersus. Russel Bhindi.(Adbelmoschus esculentus)

7. Dysdercus cingulatus F. Bhindi (4dbelmoschus esculentus)

8. Myzus persicae (Sulz.) Chilli (Capsicum annuum)

9. Aphis craccivora Koch. Cowpea (Vigna ungiculata)

10.Riptortus pedestris Fb. Cowpea (Vigna ungiculata)

3.2.2 Leaf Feeders

The immature stages of five Lepidopteran and one Coleopteran
pests were collected from the Instructional Farm of College of
Agriculture, Vellayani and used for testing the pathogenicity of the
entomopathogenic fungi listed under 3.1. '

Table 3. List of leaf feeders used in pathogenicity tests

Pest | Host plant
‘Lepidopteran pests
Sylepta derogata Fb. Bhindi (dbelmoschus esculentus)
Spodoptera litura Fb. Bhindi (4belmoschus esculentus)

Diaphania indica Saund. | Snakegourd (Trichosanthes anguina)

Anadevidia peponis Fb. Snakegourd (Trichosanthes anguina)

Pericallia ricini Fb. Drumstick (Moringa oleifera)

Coleopteran pest

Henosepilachna , Brinjal (Solanum melongena)

vigintioctopunctata (Fab.) !




Pathogenicity of the entomopathogenic fungi listed under 3.1 was
tested on the leaf feeders and sucking insects mentioned above. The
entomopathogenic fungi were grown on Potato Dextrose Agar slants.
Spores were harvested from ten-day-old culture. Sterile distilled water
(5 ml each) was added to these cultures and shaken thoroughly in order
to prepare a spore suspension and this concentrated spore suspension
was used for inoculating the insects.

The. spore suspension was sprayed on the insects using an
atomizer. Insects sprayed with sterile distilled water served as the
control. Treated insects were transferred to glass jars and reared on
respective host plants. . For maintaining high humidity inside the
chamber, a sheet of moist filter paper was placed at the bottom of the
container. The inoculated insects were examined constantly for the
development of disease symptoms. Mortality due to fungal infections
was identified by the stiff and mummified appearance of the cadaver.
Pathogenicity of the fuﬁgus was confirmed by proving Koch’s
postulates. Only those fungi, which were pathogenic to insects, were

used for further studies

3.3. MAINTENANCE OF FUNGAL CULTURE

The fungal cultures were maintained by periodic transfer on potato
dextrose agar slants. Virulence of the fungi was maintained by passing
them periodically through their respective hosts and reisolating the

fresh cultures.

3.4 BIOASSAY OF ENTOMOPTHOGENIC FUNGI

A preliminary study was conducted to determine the doses of fungi used
for bioassay against different pests. The concentrations giving
mortality percentage in the range of 15 — 85 were selected. Materials

used for bioassay of different fungi are given below:
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Table 4. Fungus, doses and target pests used for bioassay

Fungus

Test insect and stage

Concentration of

spray fluid
(spores / ml)

1. Beauveria bassiana

Sylepta derogata
(Fourth instar larvae)

1.25 x 10°
2.50 x 108
5.00 x 108
1.00 x 10°
2.00 x 10°

Spodoptera litura
. (Third instar larvae)

1.25 x 10°
2.50 x 10%
5.00.x 10% .
1.00 x 10°
2.00 x 10°

Pericallia ricini
(Third instar larvae)

1.25 x 10°
2.50 x 10°
5.00 x 10°
1.00 x 10°
2.00 x 10°

2. Fusarium pallidoroseum

Aphis craccivora
(Wingless adults)

0.437 x 10° .
0.875 x 10° .

1.75 x 10°
3.50 x 10°
7.00 x 10°

Myzus persicae
(Wingless adults)

0.437 x 10°
0.875 x 10°
1.75 x 10°
3.50 x 10°
7.00 x 10°

3. Rhizopus oryzae

Dysdercus cingulatus
(Third instar nymphs)

1.25 x 10°
2.50 x 10°
5.00 x 10°
1.00 x 107
2.00 x 107

3.4.1 Preparation of Spray Fluid

For preparing different spore suspensions of the test fungi for
bioassay, stock suspension of highest spore concentration was prepared.
For this seven mm fungal discs from well sporulating fungal cultures on
PDA grown in petridishes were used. The discs were shaken well in

10 ml water blank and spore count was estimated using a
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haemocytometer. Spore concentrations were adjusted either By adding
additional fungal discs or sterile water. Serial dilution was done to

prepare the suspensions of lower concentrations.

3.4.2 Bioassay

The test insects of uniform age and size taken from laboratory
culture were selected for the bioassay. Insects were sprayed with
different spore concentrations of fungus (Table 4) using an atomizer.
Insects sprayed with sterile water served as control. Replications were
maintained in each case. Observations were recorded on insect
mortality at daily intervals till pupation of Lepidopteran pests and till
100 per cent mortality or the subsequent moulting in the case of
Hemipteran pests. The dosage mortality data obtained were subjected
to Probit Analysis (Finney, 1952) and LCsq value of each fungus was

calculated.

3.5 MASS MULTIPLICATION OF ENTOMOPATHOGENIC FUNGI
In order to find out the best medium for mass multiplication of the
fungi, locally available solid and liquid substrates were used as food

sources.

3.5.1 Substrates Used for Mass Multiplication
The following substrates were used for mass multiplication of
Beauveria bassiana, Fusarium pallidoroseum and Rhizopus oryzae.
1. Rice bran
2. Gingelly oil cake

Coconut water

(98]

>

Starch solution (Rice gruel)

Water

(9}

3.5.2 Mass Multiplication on Solid Substrates
Thirty gram each of the substrates were taken in 250 ml conical

flasks and enough quantity of water was added to make them just wet.
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Gingelly oil cake was powdered in a grinder before using. The flasks
were then plugged with cotton and autoclaved at 1.1 kg cm™ for twenty
minutes in an autoclave. The sterilized substrates were then artificially
inoculated with seven ml fungal discs from ten-day-old fungal cultures
under aseptic condition. The flasks were shaken well for even
distribution of the fungus in the medium. They were incubated at room
temperature. Growth of the fungus was observed by visual comparison.
For estimating the spore load in each medium, 150 ml of sterile
distilled water was added -to each of the conical flasks and shaken
vigorously for two minutes. The suspensions obtained from the
replications were taken separately and filtered through a muslin cloth.
From this one drop of the suspension was used for estimating the spore
count using a haemocytometer. The spore count of B. bassiana,
F. pallidoroseum and R. oryzae were estimated on eleven, seven and six

days after inoculation respectively.

3.5.3 Liquid Substrates

Coconut water, starch solution and plain water were used as liquid
substrates for growing the fungi. For preparing the starch solution
200 g of parboiled rice was cooked in two litres of water. After proper
cooking the water was decanted and cooled. This was used for growing
the fungus.

The liquid substrates (125 ml each) were taken separately in
250 ml conical flasks, plugged with cotton and sterilized at 1.1 kg cm™
for 20 minutes in an autoclave. After sterilization, they were
inoculated with ten day old culture bits of the fungus and incubated at

room temperature. The intensity of sporulation was estimated using a

haemocytometer.

3.6 SHELF LIFE STUDIES
Viability and virulence of the fungi grown on the substrates viz.,

rice bran, gingelly oil cake, coconut water and starch solution upon
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storage at room temperat'ure (21.5 — 32.5°C) was studied for a period of

six months at monthly intervals.

3.6.1 Assessment of Viability of the Fungus

Spore concentration of the fungus in the medium at monthly
‘intervals was estimated by suspending one gram of the substrate in
50 ml sterile water in 250 ml conical flasks. In the case of liquid
media, one ml of the medium was pipetted out into 50 ml sterile water
in 250 ml conical flask. The liquid medium was shaken for one minute,
before taking the sample. The suspension was shaken thoroughly for
two minutes and sieved through a muslin cloth. This suspension was
used for the estimation of spore concentration using a haemocytometer.
To assess the viability of the inoculum, one drop of this suspension was
placed on PDA in a 9 cm petridish and growth of the fungus was
recorded by measuring the colony diameter at the end.of 10 days in the
" case of B. bassiana and F. pallidoroseum and three days in the case of

R. oryzae.

3.6.2 Assessment of Virulence of the Fungus

Virulence of the fungus grown in different substrates was studied
at monthly intervals by testing their pathogenicity. For this, spore
suspension from different substrates were standardized to a
“concentration of 2 x 10°, 7x 10% and 2 x 10’ spores/ml of B. bassiana,
F. pallidoroseum and R. oryzae respectively. Fourth instar larvae of
Sylepta derogata, wingless adults of Aphis craccivora and third instar
nymphs of Dysdercus cingulatus were used respectively for testing the
virulence of B. bassiana, F. pallidoroseum and R. oryzae. The test
insects were sprayed with the fungal suspension and were observed for
symptom development at 24 h interval. Insects sprayed with sterile
water served as control. The cumulative per cent mortality was

analysed statistically.




3.7 COMPATIBILITY OF ENTOMOPATHOGENIC FUNGI WITH

PESTICIDES

This experiment was carried out to find out whether the pesticides
commonly used against vegetable pests have any detrimental effect on
the growth and sporulation of B. bassiana, F. pallidoroseum and
R. oryzae. The pesticides and the concentration used for this
experiment are given below:

1. Chlorpyriphos 0.05 % (Radar 20 EC)

2. Malathion 0.1 % (Malathion 50 EC)
3. Quinalphos 0.05 % (Ekalux 25 EC)

4. Dimethoate 0.05 % (Rogar 30 EC)

5. Mancozeb 0.2 % (Indofil-M-45)

6. Neem oil emulsion 2 %

3.7.1 Growth and Sporulation of the Fungus on Poisoned Media .

Poison Food Téchnique (Zentmeyer, 1955) was used to find out
the rate of inhibition of the growth of entomopathogenic fungi in the
media incorporated with different pesticides. Measured quantities of
pesticides were mixed with 100 ml each of sterilized potato dextrose
agar medium taken in 250 ml conical flasks when it was in a molten
stage (45°C). Flasks were shaken thoroughly and the media were
poured into sterile petriplates of 9 cm diameter and allowed to solidify.

Circular discs of 7 mm from the outer edges of fresh fungal
cultures were transferred to the centre of these plates using a sterile
cork borer. Media without pesticide and inoculated with the fungus
was served as control. The inoculated plates were incubated at room
temperature. Radial growth of the fungus was measured daily until the
fungal growth in the control covered the entire plate. To assess the
sporulation, five circular discs of 7 mm were taken from the culture

from different areas of the plate. These discs were mixed in 10 ml of
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sterile water and shaken for two minutes. The spore concentration of

this suspension was estimated using a haemocytometer.




RESULTS



4. RESULTS

4.1 PATHOGENICITY TESTS

Ten species of sucking pests and six species of leaf feeders were
used for the study. The test insects sprayed with different
entomopathogenic fungi were kept under observation for the
development of disease symptoms. Out of the seven fungal pathogens
tested, Koch’s postulates could be proved only with three isolates viz.,
Beauveria bassiana against Sylepta derogata, Spodoptera litura and
Pericallia ricini, Fusarium pallidoroseum against Aphis craccivora and
Myzus persicae and Rhizopus oryzae against  Dysdercus cingulatus
(Table 5).

The systematic position of the insects susceptible to the fungal

pathogens are given in Table 6.

4.1.1 Mycoses of Test Insects Infected With the Fungus
4.1.1.1 Beauveria bassiana

The three lepidopteran insects susceptible to B. bassiana were
inoculated artificially and the detailed symptom development was
worked out. All the insects developed almost similar symptoms after
inoculating with B. bassiana. The insects did not show visible symptoms
for two days. However, in P. ricini the food uptake was reduced
considerably during the first 24 hours itself. The insects were sluggish
in their movement. The infected larvae of P. ricini died on the second
day onwards. Larvae of S. derogata and S. litura became sluggish and
inactive only after three days.

The infected larvae failed to moult and death occurred after four
to five days after inoculation. The cadavers of all the three groups of
insects appeared stiff and mummified. White mycelial growth of the
fungus appeared all over the cadaver within three to four days after

death. When the dead insects were kept in moist chamber, mycelial



Table 5. Pathogenicity of entomopathogenic fungi on various vegetable pests

I\SIL' Test insects B.bassiana | B.brongniartii | M.anisopliae |-F.pallidoroseum | P.fumosoroseus | P.lilacinus | R. oryzae
Sucking pests
1. | Aphis gossypii Negative Negative Negative Negative Negative Negative | Negative
2. | Aphis malvae Negative Negative Negative Negative Negative Negative | Negative
3. | Amrasca devastens | Negative Negative Negative - Negative Negative Negative | Negative
4. | Aleurodicus . . . . . . .
dispersus Negative Negative Negative Negative Negative Negative | Negative
5. | Dysdercus . . . . . . ‘s
cingulatus Negative Negative Negative | Negative Negative Negative | Positive
6. | Bemisia tabaci Negative Negative Negative Negative Negative Negative | Negative
7 [.C’;(;Z%zghy strix Negative Negative Negative Negative ‘Negative Negative | Negative
8. | Myzus persicae Negative Negative Negative . Positive .Negative Negative | Negative
9. | Aphis craccivora Negative Negative Negative . [..  Positive .Negative Negative [ Negative
10. | Reptortus pedestris | Negative Negative Negative . |.. Negative .Negative Negative | Negative
Leaf feeders ‘
1. | Henosepilachna . . .« . : . . .
vignitioctopunctata Negative Negative Negative : Negative Negative Negative | Negative
2. | Sylepta derogata Positive Negative Negative . Negative Negative Negative | Negative
3. | Pericallia ricini Positive Negative Negative Negative Negative Negative | Negative
4. | Spodoptera litura Positive Negative Negative Negative Negative Negative | Negative
5. | Diaphania indica Negative Negative Negative Negative ‘Negative Negative | Negative
6. | Anadevidia Negative Negative Negative Negative Negative Negative | Negative

peponis

+z



Table 6. Target pests of selected entomopathogenic fungi
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Target insect pest

Fungus -
Species Family Order
Sylepta derogata | Pyralidae Lepidoptera
Beauveria bassiana | Spodoptera litura | Noctuidae Lepidoptera
Pericallia ricini Arctiidae Lepidoptera
Fusarium Aplzzis craccivora . Aphididae o Hemiptéra
pallidoroseum Myzus persicae Aphididae Hemiptera
Dysdercus Pyrrhocoridae | Hemiptera
Rhizopus oryzae
cingulatus




growth appeared within two days after the death. Within one week, the
whole surface of the dead insect was covered with white coloured

powdery spores of the fungus (Plate I, 2 and 3).

4.1.1.2 Fusarium pallidoroseum

F.pallidoroseum was infective only on the aphids, M. persicae and
A. craccivora. The aphids infected with F. pallidoroseum turned pale,
sluggish'and later turned brown in colour, and died within two to three
days after infection. The cadaver was hard and mummified and seen
firmly adhered to the host plant surface. Growth of the mycelium over
the cadaver was observed-four ‘to five days after infection (Plate 4

and 35).

4.1.1.3 Rizizopus oryzae

The red cotton bugs became sluggish within three to five days and
death occugred within five to six days after inoculation. The cadaver was
hard and mummified. External mycelial growth occurred on the cadéver
from the third day after death. The mycelia was off- white in colour and

sporulation occurred within four to five days (Plate 6).

4.2 BIOASSAY OF ENTOMOPATHOGENIC FUNGI
4.2.1 Beauveria bassiana

Five geometric proportions of concentration of spores of
B.bassiana was used in the bioassay of the fungus against three
lepidopteran pests viz., S. derogata, S. litura and P. ricini and LCsg

values were calculated.

4.2.1.1 Sylepta derogata

Death of the 4" instar larvae of S. derogata inoculated with
different spore concentrations of B. bassiana was noticed from the 4t
day after inoculation. Mortality rate of the insects increased with
increase in the spore concentration. The mortality on the 8™ day after

inoculation (Table 7) ranged from 10 to 73.33 per cent as the



Pupae

Plate 1. S.derogata infected with B.bassiana

Plate 2. P.ricini larvae infected with B.bassiana

Plate.3. s./itura larvae infected with B.bassiana



Plate 4. 4.craccivora infected with F.pallidoroseum

Plate 5. M.persicae infected with F.pailidoroseum

Plate 6. D.cingulatus infected with R.oryzae
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concentration increased from 1.25 x 10® to 2 x 10° spores ml”'. On the
gth day, the mortality increased only in those treatments where insects
were sprayed with 1 x 10° and 2 x 10° spores ml™', giving 93.33 and
96.66 per cent mortality respectively. Eventhough all the larvae which
were not killed, moulted and entered into pupation, none of them
emerged as adults.

Results of probit analysis of dose-mortality responses of the

larvae on 8" and 9™ day after inoculation obtained the LCsq values as

~7.87 x 10® and 5.75 x 10® spores ml' respectively (Table 8). " The

fiducial limit calculated on the 8 day indicated that for 50 per cent
mortality, the spore concentration of the inoculum should be in the range

of 7.09 x 10% t0 8.66 x 108 per ml and the corresponding figures for the

9™ day falls within the range 5.38 x 10% to 6.13 x 10® spores ml"'.

4.2.1.2 Spodoptera litura

Third instar larvae of S. litura were used for bioéssay of
B. bassiana. The mortality of the larvae was recorded on fourth day of
inoculation and it ranged from 1.66 to 55 per cent as the spore
concentration increased from 1.25 x 108 t0 2 x 10° spores ml”'. Death of
the larvae occurred only upto 6™ day of inoculation and the remaining
uninfected larvae moulted, pupated and emerged as adults. On the 6"
day the mortality increased from five per cent to 95 per cent with the
increase in the spore concentration (Table 9). Based on the data, fiducial
limits and LCsy values were calculated and from these it can be
extrapolated that 50 per cent mortality of the larvae is possible on the
fourth day if the spore concentration is between 14.5 x 10® and
18.3 x 10% spores ml™. Similarly, to get 50 per cent death on the 6" day,
the spore concentration required was between 6.51 x 10% and 7.47 x 10*

spores ml”’ (Table 10).
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' Table 7. Cumulative per cent mortality of fourth instar larvae of S. derogata

treated with different spore concentrations of B. bassiana

Concentration, Cumulative percentage mortality at days after
spores ml! y - ;reatment7 . 5
1.25 x 108 0 1.66 | 6.66 |{10.00 |10.00 |10.00
2.50 x 10° o | 233 [10.00 |1333 |13.33 |13.33
5.00 x 10%, 6.66 |10.00 |13.33 |26.66 |30.00 |30.00
1.00 x 10° 10.00 [13.33 [20.00 |36.66 |76.60 |93.33
é.oo x 10° 10.(»)0" i 13.3‘3. 20'.66 46.6~6 73.33 |96.66
Control 0 1.66 | 2.33 2.33 | 2.33 | 2.33

Table 8. Probit analysis of dose-mortality responses of fourth instar

larvae of S. derogata to varying doses of B. bassiana

Days after |, . . LCso | Fiducial limit
% Regression equation | spores/mi 8
treatment 8 x 10
x 10
8 11.2990 | Y=3.1087 + 2.1099x 7.87 7.09-8.66
9 16.1950 | Y=1.9800 + 3.9727x 5.75 5.38-6.13




Table 9. Cumulative percentage mortality of third instar larvae of S. litura

treated with different spore concentration of B. bassiana

Cumulative percentage mortality at days after

Concentration,
spores ml! y treatsment -

1.25 x 10® 1.66 3.33 5.00
2.50 x 10° 3.33 5.00 8.30
5.00 x 10® 10.00 21.67 28.33
1.00 x 10° 38.33 61.67 71.67
2.00 x 10° 55.00 81.67 95.00
Control 1.66 1.66 1.66

Table 10. Probit analysis of dose mortality responses of third instar

larvae of S. litura to varying doses of B. bassiana

Days after . . LCso Fiducial limit
Regression equation | spores/ml 8
treatment 8 x 10
x 10
4 2.1040 |Y =2.067+2.413x 16.39 14.50 — 18.30
5 1.9810 |Y=2.171 +2.948 x 9.10 8.40 — 9.82
6 2.7401 Y =2.105+3.427x 6.99 6.51 — 7.47
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4.2.1.3 Pericallia ricini

B. bassiana caused mortality of the third instar larvae of P. ricini
on the second day after inoculation. The extent of mortality caused by
the fungus at concentrations varying from 1.25 x 10’ to 2 x 10° spores
ml”! ranged from 23.33 to 73.33 per cent on the second day and 36.66 to
100 per cent on the third day after inoculation (Table 11). The LCso
value of the fungus reduced from 5.56 x 10° on the second day to 2.72 x
10° spores ml™' on the third day. Cn the fourth day the percent mortality
ranged from 50 to 100, where both the higher concentration (1 x 10° and
2 x 10° spores ml™') gave 100 per cent mortality. The fiducial limit
calculated from the data indicated that for obtaining 50 per cent
mortality on the second day, the spore concentration should be in the
range of 4.44 x 10° to 6.69 x 10° spores ml™'. Similarly the fiducial limit
for the third day was between 2.43 x 10° to 3.01 x 10° spores ml”!
(Table 12).

4.2.2 Fusarium pallidoroseum
Spore concentrations ranging from 0.437 x 10% to 7 x 10° spores
ml™! of F.pallidoroseum was used for the bioassay of the fungus against

the aphids 4. craccivora and M. persicae.

4.2.2.1 Aphis craccivora

Cumulative per cent mortality of wingless adults of 4. craccivora
caused by F. pallidoroseum at different spore concentrations was used
for probit analysis (Table 13). The mortality due to the fungus ranged
from 5.00 to 86.67 per cent on the second day when the spray
concentration increased from 0.437 x 10° to 7 x 10° spores ml"'. The
LCso value calculated for the second day was 4.07 x 10° spores ml™. The
fiducial limit calculated for the same day indicated that for obtaining 50
per cent mortality, the spore concentration should be within the range of
3.98 x 10% to 4.15 x 10° spores ml”'. On the third day of inoculation, the

mortality of aphids ranged from 6.67 to 92.50 per cent with increase in
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Table 11. Cumulative percentage mortality of third instar larvae of P. ricini

treated with different spore concentrations of B. bassiana

Concentration, Cumulative percentage mortality at days after
spores i treatment
2 3 4
1.25 x 10° 23.33 36.66 50.00
2.50x 10° 30.00 76.67 'sd.oo
5.00 x 10° 46.66 80.00 98.00
1.60 x 108 66.67 96.66 | ;op.oo
2.00 x 10° 73.33 I 10.0.0-0 | 106.00
Control 0 0 0

Table 12. Probit analysis of dose mortality responses of P. ricini to

varying doses of B. bassiana

Days after 2 . . LCso Fiducial limit
X Regression equation | spores/ml 5
treatment 5 x 10
. x 10
2 0.555 |Y =4.088 + 1.2230 x 5.56 4.44-6.69
3 2.675 {Y=4.213 +2.414 x 2.72 2.43-3.01
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the fungal spore concentration. The LCsp value was reduced to 3.86 x
10® spores mi™' on the third day. Fiducial limits obtained indicated that
the spore concentration ranging from 3.72 x 10 to 3.94 x 10°® spores ml™'
was required for 50 per cent mortality on the third day of inoculation

(Table 14).

4.2.2.2 Myzus persicae

Wingless adults of M. persicae were used for the bioassay. Death
of aphids due to fungal infection was noticed from the second day
onwards with mortality ranging from 30.83 to 98.33 per cent with spore
concentrations ranging from-0.437 x- i06~to 7 x 10° spores-ml™' (Table
15). The LCso value for this period was 1.67 x 10° spores ml™' with a
fiducial limit between 1.55 x 10° to 1.78 x 10° spores ml™”'. The
mortality per cent ranged from 39.16 to 100 per cent on the third day as

the spore concentration increased from 0.437 x 10% to 7 x 10° spores

ml"'. The -LC50'vaIué on the third day was 0.72 x 10% ‘with a fiducial

limit of 0.66 x 10 to 0.77 x 10° spores mlI"' (Table 16).

4.2.3 Rhizopus oryzae
Bioassay of R. oryzae was carried out using third instar nymphs of

D. cingulatus. The fungus caused death of the bugs on the 5" day

~ onwards. The per cent mortality ranged from 0 to 73.33 on the 5™ day,

8.33 to 86.66 per cent on the 6" day and 11.66 to 93.33 on the 7"" day of

inoculation, with spore concentrations ranging from 1.25 x 10® to 2 x 107
spores ml™' (Table 17). The uninfected nymphs entered into 4™ instar
and completed its life cycle normally. The LCsy values showed gradual
reduction from 7.42 x 10° to 4.15 x 10° spores ml™! on 5" day to 7" day
after inoculation. Fiducial limits calculated for 50 per cent mortality on

the 7" day was between 3.76 x 10° to 4.54 x 10° spores ml™' (Table 18).



326

Table 13. Cumulative per cent mortality of 4. craccivora treated with

different spore concentrations of F. pallidoroseum

Concentration,

Cumulative percentage mortality at days after

spores ml'l treatment
1 2 3

0.437 x 10° 2.50 5.00 6.67
0.875 x 10° ',2.50 10.00 14.17
1.75 x 10° 5.00 30.83 1 38.33
3.50 x 10° 10.82 39.17 " 73.33
7.oﬂo X ioé 1‘2.‘5-0. 86.67 9250
Control 0 2.50 2.50

Table 14. Probit analysis of dose mortality responses of 4. craccivora to

varying doses of F. pallidoroseum

LCso . gy
Days after . ., Fiducial limit
treatment Regression equation spores/6m1 « 10°
x 10
2 21.6530 Y=1.0098+6.543x 4.07 3.98-4.15
3 14,2239 Y=1.2180+6.441x 3.86 3.72-3.94
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Table 15. Cumulative per cent mortality of M. persicae treated with

different spore concentrations of F. pallidoroseum

Concentration,

Cumulative per cent mortality at days after

SDOTES ml-; treatment
p 2 3
0.437 x 10° 30.83 39.16
0.875 x 10° 38.33 73.33
1.75 x 10° 45.83 80.00
3.50 x 10° 85.83 98.33
7.00 x 10° 98.33 100.00
Control 17.50

15.83

Table 16. Probit analysis of dose mortality responses of M. persicae to

varying doses of F. pallidoroseum

LCsg . e 1 re
Days after 2 . . Fiducial limit
treatment X Regression equation sporeséml < 106
x 10
2 19.453 | Y =4.4180 + 2.6236 x 1.67 1.55-1.78
3 9.517 | Y =5.3740 + 2,5960 x 0.72 0.66-0.77




Table 17. Cumulative per cent mortality of D. cingulatus treated with

different spore concentrations of R. oryzae

Concentration, Cumulative percentage mortality at days after
spores ml™ treatment
5 6 7
1.25 x 10° p 8.33 11.66
2.50 x 10° 25.00 . 31.66 41.66
5.00 x 10° 41.66 46.66 55.00
1.00 x 107 63.33 56.66 80.00
2.00'x'10.7." ) 7333 - 86.66 s §3.33
Control 0 3.33 3.33

Table 18. Probit analysis of dose mortality responses of D. cingulatus to

varying doses of R. oryzae

Days after 2 Ré ression equation |s ir(;z(/)ml Fiducial limit
treatment X 8 qu p 6 x 10°
x 10
5 8.5366 Y=3.327+1.921x 7.42 6.66-8.17
6 5.1327 Y=3.496+1.874x 6.34 6.55-6.85
7 2.6649 Y=3.656+2.172x 4.15 3.76-4.54
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4.3 MASS MULTIPLICATION OF ENTOMOPATHOGENIC FUNGI
Mycelial growth and sporulation of entomopathogenic fungi viz..
B. bassiana, F. pallidoroseum and R. oryzae grown in rice bran, gingelly

oil cake, coconut water, starch solution and plain water was recorded.

4.3.1 Beauveria bassiana

B. bassiana exhibited profuse growth on ricebran, gingelly oil
cake and coconut water and its growth in starch solution was moderate
(Plate 7). A marked difference in the spore count of the fungus.in
different substrates was noticed ‘with ricé bran giving the maximum
(19.25 x 107 spores ml™") and starch solution the least (3.24 x 10’ spores

ml™') (Table 19 and Fig. 1). The fungus failed to grow in water.

4.3.2 Fusarium pallidoroseum

The mycelial growth of F. pallidoroseum was profuse on ricebran,
gingelly oil cake, coconut water and moderate in starch solution
(Plate 8). Production of fungal spores in ricebran (9.82 x 107 spores
ml™") and gingelly oil cake (8.98 x 10’ spores ml™') were on par te each
other. However there was no significant difference between the spore
count observed in coconut water (6.39 x 107 spores ml') and starch
solution (6.18 x 107 spores ml™') eventhough coconut water supported

better mycelial growth (Table 20 and Fig. 2).

4.3.3 Rhizopus oryzae

Profuse growth of R. oryzae was observed 11 rice bran and
gingelly oil cake while it exhibited only moderate growth in coconut
water and starch solution (Plate 9). Sporulation of the fungus varied
significantly among the treatments with rice bran giving maximum spore
load (18.90 x 107 spores m1™") followed by gingelly oil cake (15.36 x 10’
spores ml™"). Starch solution recorded the least number of spores (9.10 x

107 spores ml™"). Fungus did not grow in water (Table 21 and Fig. 3).



Table 19. Mycelial growth and spore count of B. bassiana in different

substrates

NS})., Substrate Mycelial growth rate* Spore °‘1’3$‘t /ml x
1 Rice bran ' +++ 19.25 (4.50)
2 Gingelly oil cake et 11.67 (3.56)
3 Coconut water +++ E 4.56 (2.36)

4 Starch solution ++ o " 3.24 (2.06)
5 Water 0 0 (1)

CD for comparison of spore count — (0.08)

Table 20. Mycelial growth and spore count of F. pallidoroseum in

different substrates

NS})'. Substrate Mycelial growth rate* Spore cc;g;lt /-ml x
1 Rice bran +++ 9.82 (3.29)
2 Gingelly oil cake +++ 8.98 (3.16)
3 Coconut water +++ 6.39 (2.72)
4 Starch solution ++ 6.18 (2.68)
5 Water 0 0(1)

CD for comparison of spore count — (0.22)

Figures in parentheses are values afteg | x +1 transformation

" +++ - Profuse growth
++ - Moderate growth
+ - Slight growth

0 - no growth
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Table 21. Mycelial growth and spore count of R. oryzae in different

substrates
SIL. ; Spore count / ml x
No. Substrate = [ Mycelial growth rate* | =~~~ i07
1 Rice bran +++ 18.90 (4.46)
2 Gingelly oil cake +++ 15.36 (4.04)
3 Coconut water ++ ll.d:7 (3.48)
"4 |Starchsolution | ... _ + . . |. 910 (3.18)
5 | water 0 0 (1)

CD for comparison of spore count — (0.02)

Figures in parentheses are values aftex | x +1 transformation

* +++ - Profuse growth
++ - Moderate growth
+ - Slight growth

0 - no growth




,
[HHHHEEEHHE
CHHHHH AR
T
T HHT
HHHHHHHHHT
HHHH

1
T
FE G G S G

) i b R |

) |
111

T

- b= b al= HREHHMAHAH M H H
b - = M HHMHHHHH HHEHHMHH
HHHHHH HHHHHHHHHHK HHH
L HHHK HHHHHHHAEHH HHHHH
UHHHHH L HHHHHEHHHH HHH
HHHHH HLHHHHHHHH HHHHH
HHHHHH LHHHHEHHHHH LHH
HHHHH HHHHHHHHHH HHHHH
HHHHHH LHHHHHHEHHHEH HHH
HHHHH HHHKHHHHHH HHHHH
age TH agupsgagsge ags OHH
HHHHHH HHHHHHHEHHHH HHHH
Sgt HH HHHHHHKHEHH LHHH
HHHHHH HHHHHHKEHHHF HHHH
it HH HHHHHHHHHH HHH
1 U HH HHHHHHHEHHHE HHH
L H L L HHHHHHHEHH HHH
— — 20=0= HMHHHERHEH — H H HRHKH
L igh HHHHHHHHEHH LHHH
— — alals I.Il-I-I.I_I.J.I sinlinln

~
L

-+

o

fo] o©

W01 X3unod ai0dg

0

Coconut waler Starch solution Water

Gingelly oil cake

Rice bran

Treatments

different substrates

. oryzae in

Fig. 3. Spore count (six days after inoculation) of R




Rice Gingelly Coconut Starch Water
bran oil cake water solution

Plate 7. Growth of B.bassiana in different solid and liquid substrates
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Plate. 9 Growth of R.oryzae in different solid and liquid substrates
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4.4 SHELF LIFE STUDIES

Effect of period of storage at room temperature on the viability
and virulence of B. bassiana; F. pallidoroseum and R. oryzae stored in
rice bran, gingelly oil cake, coconut water and starch solution was

studied at monthly intervals.
4.4.1 Beauveria bassiana

4.4.1.1 Effect on viability

The fresh culture (coﬁtrol) of B. bassiana could grow to 85.75 mm
ina9%cm petridish within ten day period (Table 22). When the fungus
was stored for different periods of time in different media, a reduction in
the growth rate was observed. The fungus stored in starch solution,
failed to grsw on PDA after two months but when stored in coconut
water, it retained its viability 'till the end of the third month (6.25 mm).
Rice bran and gingelly oil cake, eventhough supported growth upto the
end of five m.(')n‘ths, there was marked reduction in their growth rate. The
growth rate observed from these two growing media did not differ
significantly from the control at the end of first month. However from
the second month onwards, these two media supported a lesser growth
than control with 11.59 to 66.92 per cent inhibition of growth over
control. But there was no significant difference in the growth rate when
B. bassiana was stored in these two media. For coconut water (70.75
mm) and starch solution (70.50 mm) even at the end of first month of
storage, the growth rate was significantly less than that observed in

control (Fig. 4).

4.4.1.2 Effect on spore count

The spore count of the fungus grown in different media was
estimated for a period of six months. Gradual reduction in the spore
count of the fungus, in various storage media, was noticed when it was

stored for extended period.



- Table 22. Effect of period of storage (at room temperature) on the viability of B. bassiana

Rice bran Gingelly oil cake Coconut water Starch solutioh Control
MAS" MCD ‘MCD MCD MCD : MCD
(mm) PIOC (mm) PIOC (mm) PIOC (mm) PIOC (mm)
3.34 3.78 17.73 18.02
1 83.15 82.75 70.75 70.50 86.00
(1.91) (2.12) (10.19) (10.38)
20.13 24 85 61.85 . 67.63
2 68.90 . 65.00 33.00 ! 28.05 - 86.50
(11.59) (1.43) : (37.59) (42.55)
30.05 34.77 92.38 100.00
3 60.50 56.80 6.25 0 87.00
(17.49) (20.30) (63.37) : (90.00)
40.52 41.10 , 100.00 100.00
4 51.00 ' 50.15 . 0 0 _ 85.75
(23.89) (24.26) - (90.00) (90.00)
_ 91.86 92.00 ' 100.00 . 100.00 ,
5 7.00 6.80 0. , 0 86.00
(66.63) (66.92) (90.00) (90.00)
100.00 100.00 100.00 100.06
6 0 0 0 ) 0 86.00
(90.00) (90.00) (90.00) (90.00)

MAS - Months after storage

MCD - Mean colony diameter
PIOC - Percentage inhibition over control
Values in parentheses are after angular transformation

-CD for comparison of treatment combinations — (8.910)

%27
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Fig. 4. Effect of period of storage on viability of B.bassiana (at room temperature)
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B. bassiana stored in coconut water failed to sporulate from 4™
month onwards while, when the fungus was stored in starch solution,
sporulation was absent even from third month. Both rice bran and
gingelly oil cake supported the sporulation of the fungus upto a period of
five months. There was no significant difference in the extent of
sporulation among these two storage media over a period of five months
(Table 23).

Spore count observed in coconut water and starch solution also

did not differ significantly during different periods of storage. These

two media during the entire period of time supported less spore count .

compared to rice bran and gingelly oil cake.
4.4.1.3 Effect on virulence -

To find out the virulence of the fungus stored in different media at
‘varying period of time, it‘s pathogeﬁicity to 4" instar-larvae of S
derogata was estimated. The fungus grown on ricebran and gingeily oil
cake could effect more than $0 per cent mortality of the insect at the end
of one month of storage (Table 24). During this period, the mortality
rate due to the fungus grown in coconut water and starch solution were
42.75 and 24.05 respectively and after third month onwards they failed to
cause death of the test insect. The mortality rate caused by the fungus
grown on rice bran and gingelly oil cake upto the end of three months
was more than 75 per cent. However a drastic reduction was noticed
from the end of 4™ month onwards and it failed to cause death of the
insect after five months of storage. The rate of pathogenicity of the
fungus grown on rice bran and gingelly oil cake did not differ

significantly during the different periods of storage (Fig. 3).
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Table 23. Effect of period of storage (at room temperature) on

sporulation of B. bassiana (spores ml™) x 10°

vas | meetran | Omeely ol | Cocomi S
1 22.75 (4.87) | 21.02 (4.69) | 5.10(2.47)- | 1:61-(1.61)
2 21.53 (4.75) | 20.44 (4.63) | 1.42 (1.55) | 1.04 (1.43)
3 20.04 (4.59).| 19.60 (4.54) | 1.40 (1.55) | 0 (1.00)
4 15.21 (4.03) | 14.51 (3.94) 0(1.005 0 (1.00)
5 12.67 (3.69) | 9.48 (3.24) | 0 (1.00) 0 (1.00)
6 0 (1.00) 0 (1.00) 0 (1.00) 0 (1.00)

CD for comparison of treatment combinations — (0.85)
Values in parentheses are after, I x + 1 transformation

MAS — Months after storage
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Effect of period of storage (at room temperature) on the

Percentage mortality of fourth instar larvae of S. derogata

MAS | ey | Oy o [ Comem [ S o
I | 97.00(75.93) |93.50(69.23) | 42.75(25.28) | 24.05(13.92) | 1.00(0.57)
2 85.00(58.21) | 86.75(60.11) | 26.06(14.48) 8.56 (04.91) | 00.04)
3 80.75(53.13) | 75.02(48.59) | 0(0.04) 0 (0.04) 0 (0.04)
4 | 425005.15) |38.5822.64)| 0(0.04) | 0(0.08) | 0(0.04)
5 10.45(05.99) | 9.98(05.73) | 0(0.04) 0 (0.04) 0 (0.04)
6 0(0.04) 0(0.04) 0(0.04) 0 (0.04) 0 (0.04)

CD for comparison of treatment combinations — (7.015 )

MAS-months after storage

Values in parentheses are after angular transformation
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4.4.2 Fusarium pallidoroseum

4.4.2.1 Effect on viability

The mean colony diameter of the fungus stored in different media
was measured at the end of seven days after inoculation and per cent
inhibition over control was calculated.

The extent of growth of F. pallidoroséum at the end of one month
after storage was significantly less than that observed in control. From
the second month onwards the colony diameter of the fungus grown in
liquid cultures (coconut water and starch solution) was significantly less
than that observed when the fungus was grown on solid substrates (rice
bran and gingelly oil cake) (Table 25).

The extent of reduction ranged from 18.89 in starch solution to
11.11 per cent in rice bran at the end of first month. Second month
onwards, the reduction in the colony diameter ranged from 57.08 in
starch- solution to 16.67 in rice bran. However there was no significant
difference in the colony diameter between the treatments rice bran and
gingelly oil cake and between coconut water and starch solution (Fig. 6).

From the 3™ month onwards fungus failed to grow when it was
stored in liquid media. Both the solid media supported growth even upto
the end of six month, even though, there was a marked reduction in the
colony diameter as the storage time increased. At the end of six months,
the extent of reduction in the growth of fungus grown in gingelly oil
cake and rice bran were 84.44 and 81.25 per cent over the control
respectively. There was no significant difference between the colony
diameter observed in rice bran and gingelly oil cake during the entire

period of storage.

4.4.2.2 Effect on spore count
The spore count of the fungus in different storage media showed
gradual reduction as the length of storage increased (Table 26). At the

end of first month of storage, there was no significant difference between



Table 25. Effect of period of storage (at room temperature) on the viability of F. pallidoroseum

Rice bran Gingelly oil cake Coconut water Starch solution Control
MAS MCD PIOC MCD PIOC MCD PIOC MCD PIOC MCD
(mm) (mm) (mm) (mm) (mm)
' 11.11 11.94 14.99 18.89
| 80.00 79.25 76.50 73.00 90.00
(06.38) (06.86) (08.62) (10.89)
16.67 18.33 52.22 57.08
2 75.00 73.50 43.00 39.50 90.00
(09.59) (10.56) (34.48) (34.81) ’
21.39 26.95 100 100
3 70.75 65.75 0 0 90.00
(12.35) (15.63) (90.00) (90.00) :
47.22 53.33 100 100
4 50.85 42.00 0 0 90.00
(28.18) (32.23) (90.00) (90.00) )
77.77 79.99 100 100
5 20.00 , 18.00 . 0 0 90.00
(51.05) (53.12) (90.00) (90.00) ’
81.25 84.44 100 100
6 16.87 13.00 0 0 ~ 90.00
(54.34) (57.61) (90.00) (90.00) ’

MAS - Months after storage
MCD - Mean colony diameter
PIOC - Percentage inhibition over control

Values in parentheses are after angular transformation

CD for comparison of treatment combinations — (5.325)

1’34
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Table 26. Effect of period of storage (at room temperature) on
sporulation of F. pallidoroseum (spores ml™") x 10°
MAS Rice bran Gingelly oil Coconut Starch solution
cake water

1 2.51 (1.87) 2.57 (1.89) | 1.91 (1.48) 1.07 (1.44)
2 2.03 (1.74) 2.08 (1.75) | 0.95 (1.39) 0.52 (1.23)
3 2.01 (1.73) 1.96 (1.72) 0(1.00) - |- 0 (1.00)
4 1.84 (1.68) 1.56 (1.65) 0 (1.00) 0 (1.00)
5 1.56 (1.60) 0.96 (1.40) 0 (1.00) 0 (1.00)
6 1.20 (1.48) 0.84 (1.36) 0 (1.00) 0 (1.00)

CD for comparison of treatment combinations — (0.915)

MAS-months after storage
Values in the parentheses are after, I x + 1 transformation
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the treatments and the spore count varied from 1.07 x 10 spores ml™
(starch solution) to 2.57 x 10° spores ml™' (gingelly oil cake).

Only rice bran and gingelly oil cake supported growth of fungus
beyond two months of storage. There was no significant difference
between these two media. The number of spores at the end of six month
in rice bran was 1.20 x 10° spores ml"! and that in gingelly oil cake was

0.84 x 10° spores ml™! respectively.

4.4.2.3 Effect on virulence

Virulence of F. pallidoroseum grown in different media was
estimated periodically by testing their pathogenicity on wingless adults
of A. craccivora. At the end of first month of storage, rice bran (75.00
%) and gingelly oil cake (65:05 %) gave maximum per cent mortality
while the virulence of fungi grown in coconut water (48.08 %) and starch
solution (45.50 %) reduced considerably (Table 27 and Fig. 7).

There was further reduction in the virulence of the fungus in all
the media, at the end of second month of storage, with per cent mortality
ranging from 9.75 (starch solution) to 65.35 (rice bran). Only the
fungus grown in solid media (rice bran and gingelly oil cake) retained
the virulence beyond two months of storage.

Virulence of the fungus grown in rice bran and gingelly oil cake
reduced considerably at the end of six months (25.75 and 24.85 per cent
‘mortality respectively) but there was no significant difference in the

virulence between these two storage media.

4.4.3 Rhizopus oryzae
4.4.3.1 Effect on viability

R. oryzae could cover 9 cm petriplate completely on the third day
of inoculation in control. At the end of first month of storage, fungus
grown in different media did not differ significantly from the control.

During the second month also a similar trend was noticed. However,
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Table 27. Effect of period of storage (at room temperature) on virulence

of F. pallidoroseum

Percentage mortality of 4. craccivora

MAS | e bran | SRSl OT | oot | St ™ Conr
1| 75.00(48.59) | 65.05(40.58) | 48.05(28.72) | 45.50(27.06) | 1.05(0.60)
2 | 65.35(40.81) | 59.58(36.57) | 12.50(7.18) | 9.75(5.59) |2.75(1.57)
3 |58.87(35.85) | 55.75(33.88) | 1.00(0.57). | 1.62(0.92) | 0(0.04)
.4 46.5(-)(2A7‘.71)_ ﬁé.dsk25.4§) 1.00(0.57) | 0.92(0.53) |0.98(0.56)
5 | 40.25(23.73) | 38.75(22.79) | 0.80(0.46) | 1.02(0.58) |0.75(0.43)
6. |25.75(14.92) | 24.85(14.39) | 1.25(0.72) | 1.14(0.65) | 1.14(0.65)

CD for comparison of treatment combinations — (12.850)

MAS—months after storage

Values in parentheses are after angular transformation
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starch solution with 12.78 per cent reduction in the growth over the
control was inferior to the other treatments (Table 28 and Fig. 8).

The viability of the fungus grown in coconut water and starch
solution reduced significantly at the end of third month of storage and
was lost completely at the end of fourth month. There was significant
reduction in the colony diameter of the fungus grown in rice bran and
gingelly oil cake over the period of time. Rice bran gave 42.22 per cent
inhibition of fungal growth over control and gingelly oil cake 43.33 per

cent at the end of sixth month of storage.

4.4.3.2 Effect on spore count

Spore count of R. oryzae stored in different media showed a
gradual reduction over the period of storage (Table 29). However, the
reduction of spore count was not significant in rice bran and gingelly oil
cake over the entire period of storage. The spore count observed in
coconut water at the end of three months (2.40 x 107 spores ml") was
significantly lesser than that recorded at the end of first month of storage
(6.44 x 107 spores ml™'). Similarly, the spore count of R. oryzae in
starch solution reduced significantly from 5.02 x 10" to 1.06 x 107 spores

ml™!.

4.4.3.3 Effect on virulence

Virulence of the fungus R. oryzae grown and stored in different
media was estimated periodically by testing 1ts pathogenicity to the third
instar nymphs of D. cingulatus. None of the media retained the
virulence of the fungus beyond three months of storage (Table 30 and
Fig. 9).

Per cent mortality produced by fungus stored in rice bran reduced
significantly at the end of three months (25 %) compared to that at the
end of first month (60 %). Similar trend was observed in the case of
gingelly oil cake also with per cent mortality reducing from 58.25 to
19.75.




Table 28. Effect of period of storage (at room temperature) on the viability of R. oryzae

Rice bran Gingelly oil cake Coconut water Staréh solution Control
MAS MCD MCD MCD - ' MCD MCD
(mm) PIOC (mm) PIOC . (mm) PIOC (mm) PIOC (mm)
3.33
1 90.00 0 90.00 0 90.00 0 87.00 90.00
. (1.90)
5.55 3.33 ‘ 11.11 12.78
2 85.00 87.00 80.00 78.50 90.00
(3.18) (1.90) ' (6.38) (7.34)
8.89 8.89 : 22.22 27.78
3 82.00 82.00 70.00 65.00 90.00
(5.10) (5.10) (12.84) : (16.13)
11.11 12.22 : 100 100
4 80.00 79.00 0 0 90.00
(6.38) (7.02) (90.00) (90.00) )
13.33 16.67 100 100
5 78.00 75.00 0 0 . 90.00
(7.66) (9.59) (90.00) (90.00) )
42.22 43.33 100 100 :
6 52.00 51.00 0 0 90.00
(24.97) (25.68) (90.00) (90.00) )

MAS - Months after storage

MCD - Mean colony diameter
PIOC - Percentage inhibition over control
Values in parentheses are after angular transformation

CD for comparison of treatment combinations — (10.987)

£4
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Table 29. Effect of period of storage (at room temperature) on
sporulation of R. oryzae (spores ml™) x 10’

MAS Rice bran Ginf::(lz oil C‘?v(:t)::t Starch solution
1 10.50 (3.39) 10.80 (3.43) 6.44 (2.73) 5.02 (2.45)
2 9.57 (3.25) 10.02 (3.32) 5.56 (2.56) 4.46 (2.34)
3 9.01 (3.16) 8.96 (3.15) | 2.40(1.84) 1.06 (1.43)
4 7.01 (2.83) 7:58 (2.93) 0 (1.00) 0 (1.00)
5 6.56 (2.75) 6.54 (2.74) 0 (1.00) 0 (1.00)
6 6.54 (2.74) 6.02 (2.65) 0 (1.00) 0 (1.00)

CD for comparison of treatment combinations — (0.826)

MAS-months after storage
Values in parentheses are after\l x + 1 transformation
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Table 30. Effect of period of storage (at room temperature) on virulence

of R. oryzae
Percentage mortality of D. cingulatus
MAS Rice bran Gingelly oil Coconut Starf:h Control
cake water solution
1 60.00(36.87) | 58.25(35.63) | 40.00(23.58) | 38.50(22.64) | 0 (0.04)
2 | 51.00(30.66) | 56.00(34.05) | 20.00(11.54) | 10.00(05.74) | 0 (0.04)
3 |25.00(14.48) | 19.75(11.39) | 0 (0.04) 0 (0.04) | 0(0.04)
4 0 (0.04) 0 (0.04) 0 (0.04) 0 (0.04) |0 (0.04)
5 0 (0.04) 0 (0.04) 0 (0.04) 0 (0.04) 0 (0.04)
6 0 (0.04) 0 (0.04) 0 (0.04) 0 (0.04) 0 (0.04)

CD for comparison of treatment combinations — (12.850)

MAS-months after storage

Values in parentheses are after angular transformation
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Coconut water and starch solution could produce 40 and 38.50 per
cent mortality at the end of first month of storage, and 20 and 10 per cent
at the end of second month of storage. These liquid media could not

retain the virulence of the fungus at the end of third month of storage.

4.5 COMPATIBILITY OF ENTOMOPATHOGENIC FUNGI WITH
PESTICIDES

The effect of different pesticides on growth and sporulation of the

fungi B. bassiana, F. pallidoroseum and R. oryzae was studied on PDA

using Poison Food Technique.

4.5.1 Beauveria bassiana

B. bassiana completely covered a 9 cm petridish within 11 days
after inoculation in the control, where the fungus was grown on PDA
(Plate 10a). The growth of the fungus in the media poisoned with two
per cent neem oil emulsion-behaved similar to the control. Dimethoate at
0.05 per cent completely inhibited the fungal growth. In all the other
treatments the growth of the fungus was restricted with per cent
inhibition ranging from 79.25 to 96.67 (Table 31 and Fig. 10). All the
pesticides tried, considerably reduced the sporulation of the fungus.
Among the pesticides which supported the fungal growth, the per cent
decrease in sporulation was least in the case of two per cent neem oil

emulsion (3.83) and highest in the case of quinalphos (98.71).

4.5.2 Fusarium pallidoroseum

F. pallidoroseum covered a 9 cm petridish within nine days when
it was grown on PDA without incorporating any pesticides (Plate 10b).
The growth of the fungus was completely inhibited in the case of media
poisoned with dimethoate 0.05 per cent (Fig.11). Among the other
pesticides, the maximum inhibition of mycelial growth was noticed in
media incorporated with two per cent neem oil emulsion (66.29)

followed by quinalphos (61.84) (Table 32). There was no significant



Table 31. Effect of different pesticides on mycelial growth and

sporulation of B. bassiana

SLNo. Pesticides % inhibition of % decrease of
mycelial growth spore count

1. Chlorpyriphos 6.05 % 79.25 (62.63) 95.:91 (78.46)
2. Malathion 0.1 % 81.84 (64.82) 97.95 (81.85)
3. Quinalphos 0.0§ % 88.51 (70.19) 98.71 (83.54_)

4, Dimethoate 0.05 % 100.00 (90.00) 100.00 (90.00)
5. Mancozeb 0.2 % 96.67 (75.17). 97.75 (77.78)
6. Neem oil emulsion 2 % 0 (0.035) 3.83 (11.09)

CD (3.23) (3.58)

Figures in parentheses are values after angular transformation
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Table 32. Effect of different pesticides on mycelial growth and

sporulation of F. pallidoroseum

1. Chlorpyriphos 0.05 % : -51.10-(45.61) 45.45 (42.34 ) " |
2. Malathion 0.1 % 52.35 (46.25) 69.69 (56.62)
3.. Quinalphos 0.05% | 61.84.(51.84) 69.69 (56.62)
4, Dimethoate 0.05 % 100.00 (90.00) 100.00 (90.00)
5. Mancozeb 0.2 % 55.55 (48.17) 75.75 (60.57)
6. Neem oil emulsion 2 % 66.29 (54.49) 78.78 (62.65)
CD (1.805) (6.269)

Figures in parentheses are values after angular transformations
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difference in the growth of the fungus grown in media containing
chlorpyriphos (51.10) and malathion (52.35).

Significant difference in the per cent decrease in spore count was
not noticed among the pesticides malathion, quinalphos, mancozeb and
neem oil emulsion. Chlorpyriphos with 45.45 per cent caused least

inhibition of sporulation.

4.5.3 Rhizopus oryzae

R. oryzae could cover the 9 cm petridish within three days of
inoculation, in the control (Piate 10c). "i“here was no inhibition of
growth of the fungus when the media ‘was incorporated with two per cent
neem oil emulsion. All the other pesticides inhibited the growth of the
fungus completely (Table 33 and Fig. 12). In the media containing neem

oil emulsion, the fungus sporulated better than in control (3.96).
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Table 33. Effect of different pesticides on mycelial growth and

sporulation of R. oryzae

% inhibition of

% increase or

SL.No. Pesticides *myceli_al growth decreis:uc;f-spore
1. _.Chiorpyriphos 0.05 % 100 -100
2. Maiathion 0.1 % 100 -100
~3.  .{Quinalphos 0.05. % . 100 f—l\OO
4, Dimethoate 0.05 % 100. -100
5. Mancozeb 0.2 % 100 -100
6. Neem oil emulsion 2 % 0 +3.96
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b. F. pallidoroseum

C. R. oryzae

1 - Control

2 - Neem oil emulsion 2 %
3 - Mancozeb 0.2 %

4 - Chlorpyriphos 0.05 %
5 - Dimethoate 0.05 %

6 - Malathion 0.1 %

7 - Quinalphos 0.05 %

Plate 10. Growth of entomopathogenic fungi in media incorporated with various
pesticides



DISCUSSION



5. DISCUSSION

Management of pests using microbial pathogens is generally a
safer method compared to chemical method of pest control. Bacteria,
fungi and viruses are the major entomopathogens, which are
commercially utilized for insect pest management. Among these
microbial pathogens, fungi are the only group, which can invade the
insects actively through the cuticle. This is an advantage especially
against the piercing. and sucking insects. Since fungi act mainly by
contact method, they can infect other‘non-target organisms like natural
enemies and pollinators. But many workers have reported the species
specificity of entomopathogenic fungi (Goettel ef al., 1990 and Hajek
and Butler, 1999)

High humidity (75-85 %) and a temperature ranging from 20-35°C
noticed in Kerala, render a congenial atmosphere for the natural
occurrence and multiplication of entomopathogenic fungi. - The present
study was conducted to find out the host range of seven commonly
available entomopathogenic fungus among the vegetable pests in Kerala,
and to identify suitable mass multiplication substrates for them.

Many entomopathogenic fungi appear to have a limited host range
and are specific to single orders of arthropod pests, while others can
infect insects belonging to different orders. For developing a
mycoinsecticide, preliminary studies on the pathogenicity and host range
of the fungus is important. The test fungus must be proved to be one
infecting only harmful pests and not beneficial organisms before it is
recommended for field application.

In the present study, isolates of seven commonly available
entomopathgenic fungi viz., Beauveria bassiana, Beauveria brongniartii,
Metarhizium anisopliae, Paecilomyces fumosoroseus, Paecilomyces

lilacinus, Fusarium pallidoroseum and Rhizopus oryzae were tested for
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their‘ pathogenicity to the sucking pests and leaf feeders of commonly
cultivated vegetable crops of Kerala.

The isolate of B.bassiana under the present study was pathogenic
only to the lepidopteran pests namely Sylepta derogata, Spodoptera
litura and Pericallia ricini. It was not pathogenic to the other test
insects including the lepidopteran pests like Anadevidia peponis and
Margaronia indica.

In comparing the signs and symptoms, the fungal infected larvae
resembled any other fungal infected lepidopteran larvae as described by
Madelin (1966) and Ferron (1978). Infected larvae:fed normally in the
initial phase of the disease, but the appetite diminished 48 h after
inoculation with the entomopathogenic fungus. The fungus usually takes
some time to acclimatise with the environment and to multiply. During
the 48 h period, the fungus gradually multiplies and cause infection of
the insects. In the cultural studies conducted ih the present trial (4.4)
also the test fungi started to grow within 48 h. This initial period of time
may be also the time taken by the fungus to surmount the insect’s natural
barriers to infection (Hall, 1976).

Between 48 and 72 hours after inoculation, the infected larvae
become restless, unstable and ceased feeding. At death, the body became
tough and mummified. Mycelial growth was visible all over the cadaver
from 72 h after death. Similar symptoms were observed by
Gopalakrishnan er al. (1999).

The isolate of F. pallidoroseum was found pathogenic to the
aphids 4. craccivora and M. persicae. The pathogencity of the fungus to
these insects were earlier reported by Hareendranath (1989) and Rejirani
(2001). Non-pathogenicity of F. pallidoroseum to other aphids like
Aphis malvae was also reported by earlier workers. F. pallidoroseum was
not infective to other test insects belong to Hemiptera, Coleoptera and

Lepidoptera.



The development of mycoses observed in inoculated aphids was

similar to earlier reports (Hareendranath, 1989; F'azial,. 1992; Sunitha,
1997 and Rejirani, 2001). The affected aphids turned pale, sluggish and
later turned brown. Growth of the fungus on the cadaver was visible as
white mycelial mat. -

Rhizopus oryzae used in the present study was found pathogenic to
its original host Dysdercus cingulatus and was non-pathogenic to other
insects tested. '

All the three entomopathogenic fungi found effective in the
present study were originally is;olated from insects against which ‘they
are effective. B. bassiana was originally isolated from a lepidopteran
pest of sugarcane and in the present study, it was found effective against
the lepidopteran pests of vegetables.

" The non-infectivity of the fungal isolates may be due to the
specificity of the micro-organism. Burdeos and Villacarlos (1989) were
of the opinion that the difference in virulence of the entomopathogenic
fungi was affected by their specificity. According to them, pathogens
that normally infect insects belonging to a particular order may be more
virulent on species under the same order. There is a tendency for fungal
isolates to have higher virulence to their original hosts or to closely
related hosts than more distant relatives (Goettel ef al., 1990 and Hajek
and Butler, 1999).

Resistance of the host insect to certain isolates of the pathogen
may be another reason for the negative results of pathogenicity tests
(Fargues, 1976 and Feng et al., 1994). Often a strain presents no activity
on a host while it causes a high mortality rate on other insects of the
same family (Danfa and Valk, 1999).

The effectiveness of a fungal isolate is measured in terms of its
pathogenicity and the speed with which it kills the target pest (Negasi

et al., 1998). In the present study a correlation between the doses of the
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fungi and the responses of the test insects in terms of mortality was
established and LCsq values were calculated using Probit Analysis.
Death of the 4™ instar larvae of S. derogata inoculated with
B.bassiana was noticed from the 4" day after inoculation onwards.
Mortality rate was increased with the increase in the spore load. Fifty
per cent mortality of the insects was noticed only from 8" day onwards,
irrespective of the spore concentration tried. From 8% day onwards,

those treatments with higher spore concentration gave a better death rate

than those having low concentration: The. LCsy values calculated for the

8'" and 9 d‘éy after inoculation were 7.87 x 10% and '5.75 x IOs.spores
ml™.

When the spore concentration was below 5 x 10° 'ml'l, even after
the 9" day, the LCso value was not reached. When the spore suspension

was applied on the insects, the fungal spores germinated and started

-producing mybelia and new .crop of spores. . During this. process,. apart

from directly affecting the metabolic process of the insects by drawing
the nutrients, the fungi may also produce some toxins (Hall, 1976). For
this a minimum spore load of the fungus might be required.

The fiducial limits calculated on the 8 and 9™ day indicated that
for 50 per cent mortality, the spore concentration of the inoculum should
be in the range of 7.09 x 10° to 8.66 x 10® and 5.38 x 10® to 6.13 x 10°

- spores ml' respectively. These values agree with the result of laboratory

experiment where 50 per cent mortality was observed on the 8" and 9"
day when the spore concentration was between 5 x 10% and 1 x 10° spores
ml™".

In the case of third instar larvae of S. litura inoculated with
varying doses of B. bassiana 50 per cent mortality was observed only
with the concentration above 1 x 10° spores ml!. The LCsq values
calculated ori the 5" and 6" day after inoculation was 9.11 x 10 and
6.99 x _108 spores ml™'. The fiducial limits calculated on these days agree

with the results of laboratory bioassays.
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B. bassiana could cause more than 50 per cent mortality of third

.instar larvae of P. ricini at a lower concentration of 1.25 x 10° spores

"m_l'l and above, on the 4" day after inoculation. The LCsq values

calculated for second and third day after inoculation were 5.56 x 10° and

-2.72 x 10° spores ml"'. From the value of fiducial limits calculated it is

clear that for obtaining 50 per cent mortality of P. ricini larvae, the spore
concentration should be in the range of 2.43 x 10° to 3.01 x 10° per ml.

Bioassay of B. bassiana based on dosage mortality relation was
used by many previous workers to study the activity of the fungus on
different insect pests (Brenes and Ca'rballo, 1994, Ramkumar, 1998 and
Khan and Gangapersad, 2001).

The different values of LCs obtained in these studies may be due
to the variation existed with reference to the isolate of the pathogen, the
host, the Stage of the host and the meteorological factors (Mathai, 1982).

Bioassays conducted with F. pallidoroseum-to find.-out the LCso of
the fungus against A. craccivora and M. persicae obtained the values
3.86 x 10° and 0.72 x 10° spores ml™' respectively. The fiducial limits
obtained for 50 per cent mortality in the case of 4. craccivora ranged
from 3.78 x 10% to 3.95 x 10°® spores ml™' on the third day of inoculation.
This finding is in accordance with the actual laboratory experiment.
Hareendranath (1989) also observed similar values for F. pallidoroseum
against A. craccivora.

In the case of M. persicae the fiducial limit for 50 per cent
mortality ranged from 0.66 x10° to 0.78 x 10° spores ml'which is in
accordance with the actual laboratory experiment.

Bioassay of R. oryzae on third instar nymphs of D. cingulatus
obtained the LCsq values of 7.42 x 10%, 6.34 x 10° and 4.15 x 10° spores
m!" on the 5", 6" and 7" day after inoculation with the fungus. Earlier
work on the same fungus showed that at 5 x 10° spores ml”' the fungus

was pathogenic to the same pest (Mathai, 1999).
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The approximate values of the slopes from bioassays conducted
with the test fungi ranged from 1.2 to 6.4. Hall (1976) reviewed the
slopes of several series of bioassays for a wide rangé of insect
pathogens. Slopes were steeper (range 0.9 — 7.9) for assays involving the
organism which produce toxins. |

In any microbial control programmes, the development of mass
production technique is important. In order to get better acceptability of
biopesticide, it is necessary to reduce the cost of production of material.
This is possible only by using low cost, locally available substances as
carrier mate_rieil_s._ The carrier material may vary from place to place
depending upon the availability. In the present study, the suitability of
locally available cheaper substrates, especially byproducts of agriculture
were evaluated for the mass multiplication of entomopathogenic fungi.

The three entomopathogenic fungi tested (B. bassiana,
F. pallidoroseum.and R. oryzae) gave maximum growth .and.sporulation.
in rice bran and gingelly oil cake. It was found that the fungal growth
was quick and complete in these two media.

Ferron (1981) reported solid substrate fermentation based on
cereal grains such as rice as suitable for fungal pathogen. Hussey and
Tinsley (1981) reported wheat bran as a suitable substrate for the mass
production of B. bassiana. The growth and sporulation of B. bassiana
was found maximum in rice based solid media by Ibrahim and Low,
1993; Vilas ef al., 1996 and Puzari et al., 1997, |

Rice bran as a suitable mass multipiication media for
entomopathogenic fungi was earlier reported by Mathai et al. (1998),
Faizal (1992), Anitha (2000) and Rejirani (2001). Higher nutrient status
of rice bran [composition — carbohydrates 48.40 %, protein — 13.5 %, fat
- 16.2 % and minerals — 6.6 % (Ca, P, Fe)] is the reason why it
supported maximum fungal growth. Better growth and sporulation of the

fungi in rice bran is due to the presence of nutrients in an available form.
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Use of oil cakes for mass production of beneficial fungi was
reported. to be successful by Mani and Anandan (1989) ; Alam (1990).
Rejirani (2001) reported that F. pallidoroseum grew and sporulated well
on gingelly oil cake (composition — carbohydrate 25.0 %, protein — 18.30
%, fat 25.50 % and minerals — 5.2 %).

Among the liquid substrates tested for mass production (coconut
water and starch solution), coconut water supported better growth of the
fungi in the case of B. bassiana, F. pallidoroseum and R. oryzae. The
number of spores produced -was - .also maximum in coconut- water.
Coconut water [composition-carl?o‘h_j_/‘dr_a_te - 4.4. %, protein — 1.4 %, fat
— 0.1 % and minerals — 0.3 % (K, Mg, Cu, P)] is an ideal substrate for
the fungus. This finding is in accordance with earlier works (Danger
et al., 1991, Manisegarame and Letchoumanane, 1996 and Rejirani,
2001). Thus it may be concluded that coconut water wasted from copra
making industry may successfully be utilized for easy and leconomic
multiplication of entomopathogenic fungi.

Different responses of the fungus in biomass and conidial
production on different media may be related to the different nutritional
composition of the media (Churchill, 1982 and Nina es al., 1998). The
nutrients present in the medium should be in the available form also.
Apart from the nutrient status, an ideal substrate for fungal grO\f&'th
should have proper particle size and surface area to volume ratio.

A commercial insect control product cannot be expected to be kept
under refrigeration to satisfy the requirements of the marketing system as
the plant protection chemicals and other materials used for pest
management by farmers are usually stored under room conditions (Couch
and Ignoffo, 1981). Ferron (1981) considered short life of formulation
as one of the factors which limits the use of microbial pesticides.

In the present study, the viability and virulence of B. bassiana,
F. pallidoroseum and R. oryzae stored in rice bran, gingelly oil cake,

coconut water and starch solution, showed a decrease due to storage at
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room temperature. The liquid substrates did not retain the viability and
virulence of the fungi, beyond two months. As suggested by Soper and
Ward (1981) the loss of viability of fungus in liquid media may be due to
the less stable nature of blastospores produced by liquid fermentation
method.

The viability and virulence of B.bassiana in rice bran and gingelly
oil cake was reduced drastically after three months of storage. Similar
results were obtained by Clerck and Madelin (1965) and Walstad er al.

(1970) where they observed the.survival of B. bassiana Sporeé for 0.5 .

B. bassiana treated with maltose, sucrose and dextrose lost some of their
conidial production capacity over a period of three months at room
temperature. Rice bran and gingelly oil cake could not retain the
virulence of the fungus after five months of storage at room temperature.

__In the case of F. pallidoroseum stored in rice bran and gingelly oil
cake, the virulence and viability was retained even at the end of six
months, but the mortality per cent was below thirty. Similar results were
obtained by Rejirani (2001) when the fungus was stored in charcoal, leaf
mould and bran formulations.

Viability and virulence of spores present in formulated material
depends upon the physical, chemical and biotic factors of the carrier
material. The storage conditions were more critical to spore survival than
the substrates used for spore production (Daoust and Roberts, 1983).
Tempefature fluctuations during the storage period was detrimental to
the survival of the spores in the media.

R oryzae stored in rice bran and gingelly oil cake retained the
viability even after six months of storage, but the virulence of the fungus
was lost after three months of storage. Several factors which operate
during the extended storage period of the biopesticide will affect its
survival. One of the major factors is the temperature fluctuations

observed during the storage period. The range of temperature for
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reproduction in fungus is comparatively much narrower than for growth.
The spore production of the fungus used for the study is generally
optimum between 25 - 28°C (Bilgrami and Verma, 1978). Since the
biopesticides were stored under fluctuating temperature condition the
production and survival are affected. On the other hand when the fungi
was stored under refrigerated condition, the survival was more -(Sunitha,
1997) as the biological activity was curtailed to the minimum and the
fungi were retained in a fixed temperature.

Integration of various pest-control -methods including microbial
and chemical control methods is being promoted nowadays. The
inhibitory or stimulatory effects of chemical pesticides on
entomopathogenic fungi had been reported by many workers (Todorova
et al., 1998; Gupta et al., 1999 and Gupta ef al., 2002). Compatibility of
the commonly used chemical pesticides in vegetables, with ‘B. bassiana,
F. pallidoroseum and_R. oryzae was analysed in_the present study. by
conducting Poison Food Technique.

In the present study, out of the four insecticides, one fungicide
and one botanical pesticide, inhibition was not noticed with B. bassiana
and R. oryzae when two per cent neem oil emulsion was incorporated to
the medium. Neem oil emulsion did not inhibit the colony growth and
had least inhibition of sporulation in B. bassiana while the sporulation of
. R. oryzae was higher in the case of neem oil incorporated medium. In the
case of F. pallidoroseum, neem oil supported the mycelial growth to
certain extent but sporulation was highly reduced.

Gupta er al. (1999) reported stimulated growth of B. bassiana
when neem leaf extract was incorporated to the growing medium.
Increased efficacy of entomopathogenic fungi by mixing them with neem
products had been reported by earlier workers (Babu er a/., 2000 and
Sudharma and Hebsybai, 2000). Out of the four organophosphorus
insecticides tried (chlorpyriphos, malathion, quinalphos and dimethoate)

dimethoate completely inhibited the growth of all the test fungi.



Malathion, qﬁinalphos and chlorpyriphos completely inhibited the
growth of R. oryzae, while there was only partial inhibition of growth
and sporulation of B. bassiana and F. pallidoroseum. Inhibitory action
of organophosphorus compounds on fungi was recorded by Urs et al.,
1967; Easwaramoorthy and Jayaraj, 1978, Faizal, 1992 and Gupta et al.,
2002. But Kuruvilla and Jacob (1980) noticed less inhibitory action of
certain organophosphorus insecticides on Fusarium spp. This indicate
that variation in the inhibitory ability of organophosphorus insecticides
on different fungi exists.

The fungicide, mancozeb inhibited the growth of R. oryzde
completely and that of B.bassiana to an extent of more than 95 per cent.
Eventhough 95 per cent inhibition of sporulation of F. pallidoroseum
was observed in mancozeb incorporated medium, it reduced the mycelial
growth only by 55.25 per cent. Todorova ef al. (1988) also reported
. inhibition. of mycelial groyti} and sporulation of B,ba.fsiana by
mancozeb. l ' ‘.

Present observations coupled with the previous reports indicate
that the fungus B. bassiana and R. oryzae could be integrated with neem

oil emulsion for pest management programme.



SUMMARY



6. SUMMARY

The study on the “Effect of entoniopathogenic fungi on sucking
pests and leaf feeders of vegetables under in vitro conditions” was
carried out in the Insect Pathology Laboratory of the College of
Agriculture, Vellayani during 2000-2002.

Seven different entomopathogenic fungi viz., Beauveria bassiana,
Beauveria brongniartii, Paecilomyces fumosoroseus, Paecilomyces
lilacinus, Metarhizium anisopliae, Fusarium pallidoroseum, and
R_hi;;:Opus oryzae were tested for their pathogenicity on ten sucking pests
and six leaf feeders of vegetable crops. Out of these only three isolates
namely Beauveria bassiana, Fusarium pallidoroseum and Rhizopus
oryzae were found to be pathogenic to various test insects. B. bassiana
was infective to Sylepta derogata, Spodoptera litura and Pericallia
ricini, F. pallidoroseum to aphids, Aphis craccivora and Myzus persicae
and Rhizopus oryzae to Dysdercus cingulatus.

Death of the larvae inoculated with Beauveria bassiana occurred
from fourth day onwards in the case of S. derogata and §. litura while
the third instar larvae of P. ricini died from 48 hours after infection.
White powdery growth of the fungus appeared on the cadaver two to
three days after death. A. craccivora and M. persicae infected with
F. pallidoroseum died within two to three days after infection. The
cadaver of the aphid was hard and mummified and found adhered to the
host plant surface. Nymphs of D. cinguldtus infected with R. oryzae died
four to five days after infection and it sporulated within four to five days
after death.

LCso values were calculated for each fungus against different
pests by carrying out bioassays. The LCso value of B. bassiana against
fourth instar larvae of S. derogata were 7.87 x 10% and 5.75 x 10® spores
mi™" on the eighth and nineth day after inoculation respectively. In the

case of third instar larvae of S. litura 50 per cent mortality was obtained
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when the spore concentration was 9.11 x 10° and 6.99 x 10® spores ml™!
on the fifth and sixth day after inoculation. The LCso value of B.
bassiana against third instar larvae of P. ricini was 5.56 x 10° and 2.72 x
10° spores/ml respectively on second and third day after inoculation. The
LCso value of F. pallidoroseum against the aphids A. craccivora and
M. perisicae were 3.86 x 10° and 0.72 x 108 spores ml" respectively.
For getting 50 per cent mortality of third instar nymphs of D. cingulatus,
the concentrations of R. oryzae required was 7.42 x 10°® spores ml" on
the fifth day and 4.15 x 10° spores ml™ on the 7 day after inoculation.

Mass multiplication of the fungi was carried out using different
solid and liquid substrates. Rice bran and gingelly oil cake supported the
growth of B. bassiana, F. pallidoroseum and R. oryzae. The three fungi
grew well in coconut water. The sporulation of the fungi was better in
rice bran compared to gingelly oil cake. The spore production in coconut
_water was comparatively lesser than that in solid media. . ~

Shelf life of the three-entomopathogenic fungi viz., B. bassiana,
F. pallidoroseum and R. oryzae grown in rice bran, gingelly oil cake,
coconut water and starch solution and stored at room temperature was
studied for a period of six‘ months. The liquid media (coconut water and
starch solution) could not retain the viability and virulence of the fungi
beyond two months of storage. The sporulation of fungi in different
media also showed a gradual reduction with period of storage.

The viability of B. bassiana stored in rice bran and gingelly oil
cake was retained till the end of five months of storage. But the
virulence of B. bassiana was drastically reduced after three months of
storage and was completely lost at the end of six months.

F. pallidoroseum showed better shelf life in the solid substrate
(rice bran and gingelly oilcake) and they could retain the viability and
virulence of the fungus even at the end of six months. But there was
considerable reduction in the viability and virulence of F. pallidoroseum

after four months of storage.



13

R. oryzae stored in rice bran and gingelly oil cake did not retain
the virulence at the end of fourth month of storage. But the fungus was
viable even at the end of six months.

Compatibility studies with six commonly used pesticides, showed
that neem oil emulsion at two per cent concentration did not inhibit the
growth and sporulation of B. bassiana and R. oryzae, but it inhibited the
growth of F. pallidoroseum. The growth of B. bassiana and R. oryzae
was completely inhibited by dimethoate and mancozeb, but mancozeb
allowed some mycelial growth of F. pallidoroseum. All- other

insecticides inhibited the growth of the fungi in different proportions.
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ABSTRACT

Investigation on “Effect of entomopathogenic fungi on sucking
- pests and leaf feeders of vegetables under in virro conditions” was
carried out in the Insect Pathology Laboratory. Department of
Agricultural Entomology. College of Agriculture, Vellayani.

Among the seven entomopathogenic fungi tested, Beauveriu
bassiana was found to infect Sylepta derogata, Spodoptera litura and
Pericallia ricini, an aphid isolate of Fusarium pallidoroseum infected
aphids Aphis craccivora and Myzus persicae while Rhizopus oryzae
caused mortality of Dysdercus cingulatus.

The LCsq values for B. bassiana were calculated as 5.75 x 108,
6.99 x 10% and 2.72 x 10° spores ml™' against S. derogata. S. litura and
P. ricini respectively. F. pallidoroseum caused 50 per cent mortality of
4. craccivora and M. persicae at 3.86 x 10% and 0.72 x 10° spores mi™!
respectively. R. oryzae caused 50 per cent mortality of D. cingulatus at
4.15 x 10° spores mi™.

Evaluation of different naturally available substrates for mass
multiplication of B. bassiana. F. pallidoroseum and R. oryzae revealed
that both rice bran and gingelly oil cake were suitable for the mass
multiplication of these fungi. Among the liquid substrates. coconut water
produced maximum mycelial growth of all the fungi.

At room temperature, B. bassiana retained the vi.ulence upto five
months after inoculation in rice bran and gingelly oil cake, but the
virulence of the fungus was drastically reduced after two months of
storage. F. pallidoroseum retained the virulence upto six months in rice
bran and gingelly oil cake but R. oryzae lost the virulence after two
months of storage. Coconut water and starch solution could not retain the
viability and virulence of the fungi after two months of storage.

Studies conducted to evaluate the compatibility of B. bussiana.

F. pallidoroseum and R. orvzae with different pesticides revealed that



two per cent neem oil emulsion could be incorporated with B. bassiana
and R. oryzae without any inhibitory effect while sporultion of
F. pallidoroseum was inhibited by neem oil. Mancozeb, dimethoate
malathion, quinalphos and chlorpyriphos greatly inhibited the growth

and sporulation of the three fungi tested.



